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PREFACE 


This  Unclassified  and  Unlimited  bibliography  compiles 
references  cataloged  by  DDC  since  1953  and  deals  with 
Computer-Aided  Logical  Processes.  The  references  include 
all  research  on  the  processes  of  information  handling  and 
also  the  application  of  fundamental  mathematical  theory  to 
the  construction  or  better  understanding  of  information 
systems. 

The  136  citations  are  grouped  under  six  major  headings 
which  correspond  directly  to  those  of  the  Panel  on  Infor¬ 
mation  Science  Technology,  Committee  on  Scientific  and 
Technical  Information,  Federal  Council  for  Science  ard 
Technology.  These  headings  are:  Computer  Logic;  Biologi¬ 
cal  Information  Handling;  Human  Factor  Information  Hand¬ 
ling;  Programmed  Instruction;  Network  and  Switching  Sys¬ 
tems  Theory;  and  Information,  Communication,  and  Systems 
Theory . 

Entries  a  •  e  arranged  in  accession  number  (AD-number) 
sequence  within  each  major  headinq.  Four  indexes. 

Corporate  Author -Monitoring  Agency,  Personal  Author,  Con¬ 
tract  and  AP-Numeri c ,  are  appended  to  facilitate  access  to 

the  references. 
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UNCLASS  IP  I  E  D 


DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z A0M63 
AO-282  818 

BURROUGHS  CORP  PHILADELPHIA  PA 

MAGNETIC  PARAMETRON  LOGIC  ELEMENTS  <U> 

DESCRIPTIVE  note:  QUARTERLY  PROGRESS  REPT.  no.  1,  I  apr- 
30  J  U  m  42, 

JUN  6  2  IV  EINHORN, 5. N..*  POWELL, W.S.! 

contract:  da36  039SC8920m 

PROJ:  3*99-15-001-03 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  'COMPUTER  LOGIC,  ‘DIGITAL  computers, 

•MICROMETERS,  MAGNETIC  tape,  printed  circuits,  thin 
FILMS  (STORAGE  DEVICES) 

IDENTIFIERS!  thin  films,  thin  films  electronics, 
par ametrons 

research  is  being  directed  toward  the  development 
of  advanced  PaRAMETRON  elements,  CONFIGURATIONS, 

CIRCUIT  ARRANGEMENTS,  AND  MODES  OF  OPERATION  SUITED 
TO  PERFORM  logic  FUNCTIONS  IN  DATa  PROCESSING  SUB¬ 
SYSTEMS.  EMPHASIS  IS  PLACED  ON  THE  REALIZATION  OF 
RELIABLE  MAGNETIC-FILM  parametrqns  WHICH  lend 
THEMSELVES  TO  large  SCALE  PROOUCTJONAT  LOW  COST. 

A  PART  of  The  PARAMETRON  DESIGN  EFFOR'  WAS  A  STUDY 
OF  DEMAGNETIZING  FIELDS,  WHICH  POINTS  TO  The 
feasibility  OF  SMALL  COILS  WITH  3  BY  3  MM  film 

elements,  inductance  measurements  and  operational 

tests  of  PARAMETRON  COILS  HAVE,  So  FAR,  LED  TO  AN 
C  P  T  I  N  j  M  DESIGN  having  3  «  TURNS  of  no.  mm  WIRE. 
hGWEVeR,  an  effort  IS  UNDE°#ay  TO  REDUCE  The 
number  OF  TURNS,  SINCE  The  capacitance  required  FOR 
resonance  at  the  2 s - m c  signal  frequency  is  small 
compared  to  the  estimated  wiring  capacitance,  a 
mooel  i ncorpopat i ng  proposed  packaging  techniques  was 
constructed,  the  techniques  inclucE  a 
PR  I NTfOC  I  R CU  I  T  BOARD  for  LOGIC  INTERCONNECTIONS,  A 
ground  plane  which  both  completes  the  logic  signal 
Paths  and  5  m I E  L  D  5  The  SIGNAL  CIRCUITS  FROM  The  pump 
FIELDS,  AND  A  MINIATURE  PR INTEDC IRCUI T  PaRAMETRON 
COMPONENT  board.  (AUTHOR)  <U) 
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UNCLASS | F  I  ED 


UNCLASS  I F  I  E  D 


DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO,  ZAOra3 
AD-283  R07 

electronic  systems  div  l  g  HANSCOM  FIELU  MASS 
A  COMPARISON  OF  TWO  LOGIC  SYMBOL  COOING  TECHNIQUES  IN 
A  SIMULATED  0  I G I T  AL  DEVICE  MAINTENANCE 

ENVIRONMENT  (U) 

jul  62  iv  baker. James  d. ;whj tehurst , albert  j.i 

REPT.  NO.  T  DR  62  196 
MONITOR:  ESj  T0R62  196 

UNCLASSIFIED  REPORT 


descriptors:  *data  processing  systems,  ‘digital 

COMPUTERS,  ‘LANGUAGE,  ANALYSIS  OF  VARIANCE,  CIRCUIT^, 
CODING,  COMPUTER  lOGIC,  CONFIGURATION,  DIGITAL 
SYSTEMS,  human  ENGINEERING,  maintenance,  MATHEMATICAL 
LOGIC,  TRAINING  DEVICES,  WIRING  DIAGRAMS  (U) 

this  study  was  designed  to  evaluate  which  of  two 
techniques  is  better  for  encoding  THE  LOGIC  SYMBOLS 

IN  DETAILED  LOGIC  OIAGRAMS  TO  cONVEY  INFORMATION 
ABOUT  DIGITAL  CIRCUITS.  ONE  TECHNIQUE  EMPLOYED 

shape  encoding  to  differentiate  basic  logic 

FUNCTIONS!  The  OTHER  USED  ALPHab£TIC  IDENTIFIERS. 

'he  findings  showed  that  using  shape  encoded 

SYMBOLS  in  SIMULATED  DETAILED  LOGIC  DIAGRAMS 
resulted  in  a  significant  reduction  in  the  time 
Required  to  solve  maintenance  type  problems,  it 
IS  CONCLUDED  That  shape  encoding  IS  The  better  OF  the 
TWO  TECHNIQUES,  for  use  in  operational  SITUATIONS, 

IF  TIME-SAVING  IS  OF  CONCERN.  BASED  UPON 
OBSERVATIONS  MADE  CURING  ThE  DESIGN  aNQ  CONDUCT  OF 

this  study,  two  sets  of  recommendations  are  made. 

(AUTHOR)  l  U  ) 
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DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO,  ZA0R43 
AD-286  2?S 

LOCKHEED  MISSILES  AND  SPACE  CO  SUNNYVALE  CALlf 
THREADED  LIST  STRUCTURES  in  The  DESIGN  AUTOMATION  of 
STROKE  LOGIC  ( U  ) 

JUL  62  IV  UBERiG.T.; 

REPT.  no.  6  90  62  55 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  ‘ALGEBRAS,  ‘AUTOMATION,  ‘COMPUTER  logic, 

•DIGITAL  COMPUTERS,  TOPOLOGY  (U> 

A  SYSTEM  IS  DESCRIBED  AHICH  *  A S  DEVELOPED  AS  PART 

of  a  program  to  investigate  techniques  for  minimizing 
and  implementing  digital  logic*  the  approach  *as 
that  of  MANIPULATING  a  data  STRUCTURE  RhICh  CLOSELY 
REPRESENTS  The  final  haRDRARE  REALIZATION.  The 
common  use  of  ShEFFER-STRCKE  CIRCUITRY,  plus  The 
SIMPLICITY  of  a  MODEL  USING  A  SINGLE  logical 
cONNEctIVE,  has  made  it  possible  to  DEVELOP  A  SYSTEM 
BASED  upon  stroke  LOGIC,  the  initial  INVESTIGATION 
PAS  CONCERNED  AITh  minimizing  trees  of  s ingle-output 
devices,  these  can  be  compactly  represented  inside 

A  COMooTER  BY  MEANS  Or  THREADED  LIST  STRUCTURES  *  h  J  C  H 
R  E  R  E  DEVELOPED  8  y  P  E  R  u  I  5  AND  THORNTON.  ThE 
SECTIONS  DISCUSS  The  TRANSLATION  of  boolean  EOLATIONS 
INTO  THREADED  LIST  STRUCTURES  AND  ThE  MANIPULATION  OF 
THESE  STRUCTURES.  <  A  U  T  h  0  R I  (U) 


UNCLASS  I F I  EC 


UNCLASSIFIED 


DCC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NC.  ZA0ha3 
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ADAPTRONiCS  INC  MCLEAN  VA 

Theory  or  probability  stats  variable  systems,  volume 
m,  monotype  system  theory  and  cons i dep*t ; ons  from 
automata  theory,  ?uj 

DESCRIPTIVE  NOTE:  FINAL  RE  P  T •  »  IS  OCT  6--1H  OCT  6’, 

DEC  62  ! R I P  GlLSTRAP,L»  0.  ,JR.; 

PEDELTY  ,  M  •  J.  ! l  e  e  ,  R  »  J.  I 
C0M1RACTI  A  F  3  3  A  5  7  71C0 
PROO:  1  7  *+160 

task:  ruoos 

monitor:  ASD  TDR63  664,  VOL.  3 

UNCLASSIFIED  report 

supplementary  note: 

descriptors:  (•teaching  ;■* chines,  mathematical 

ANALYSIS),  (ocOMPuTER  LOGIC),  'OMPUTERS,  CYBERNETICS, 

memory,  pattern  recognition,  probability,  networks, 
COMMUNICATION  THEORY,  SWITCHING  CIRCUITS,  MATHEMATICAL 
LOGIC  (U) 

identifiers:  1*62,  NEUROTRON,  AUTOMATON,  genotype 

NETWORKS,  AUTOMATA  THEORY,  MONOTYPE  NETWORKS  ,  0"EN- 
LOOP  NETWORKS,  PERCEPTIONS  (U) 

the  subject  of  probability  state  VARIABLE  SYSTEMS 
IS  EXAMINED  FROM  TYO  POINTS  Or  VIEW*  ThE  FIRST 
POINT  OF  VIEW  IS  THAT  OF  AUTOHaT*  ”H£0RY  AND  ThE 
PROBLEMS  OF  AUTOMATON  ENVIRONMENT  INTERACTION  ( s 

DISCUSSED.  SECONDLY,  a  detailed  structural  MODEL 
OF  A  GENERALIZED  SWITCHING  DEVICE  IS  FOPMULATED  A  N  n 
THE  MAJOR  PROBLEMS  OF  INTEREST  J  n  THE  THEORY  OF 
MONOTYPE  PROBABILITY  STATE  VARIABLE  SYSTEMS  ARE 

described,  novel  mathematical  methods  FOR 

DETERMINING  PROPERTIES  OF  THE  PROBABILITY  $TaTE 
VARIABLE  DEVICE  aRE  DEVELOPED.  AN  JMQEX  NOTATION 
FOR  LOGIC  PROBLEMS  IS  PRESENTED  AND  SOME  OF  THE 
GENERAL  PROPERYieS  OF  SWITCHING  NETWORKS  ARE  ANALYSED 

using  this  notation,  (author)  tu> 
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DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  SO.  Z AON  6 3 
A0-H29  o?6 

WESTERN  RESERVE  UN ! V  CLEVELAND  OHJO 
MATHEMATICAL  FORMUL AT  j  ON  or  Basic  PROCEDURES  in 
DOCUMENTATION,  4  u ) 

APR  60  50P  PERRT, JAMES  *•  t 

GOFF  m A  N , *  I LL  I  *M  I 
contract:  am?  43s  357 
MONITOR;  AfOSR  TN.O  36a 

UNCLASSIFIED  RENOS'- 

SUPPLEMENTARY  note:  R  E  P  0  R  .  on  theory  of  DOCUMENTATION 
and  strategy  of  searching. 

DESCRIPTORS:  ^DOCUMENTATION,  THEORY)  ( •CDNPUTgR 

LOGIC,  DOCUMENTATION),  INFORMATION  RETRIEVAL,  SUBJECT 
INDEXING.  CODING,  ABSTRACTS,  MANNED,  AUTOMATION, 
PROGRAMMING  (COMPUTERS),  DECISION  M  A  K  ?  N  G  ,  MATHEMATICAL 
LOGIC,  COMPUTERS ,  DESIGN  (U) 

identifiers:  flowcharts,  i  9  a  o  iuj 

CERTAIN  BASIC  ASPECTS  OF  Df CUMENT aT  I  ON  ,  ESPECIALLY 
/HE  RtUATICNSHIP  OF  A  •'MESSAGE'*  TO  ALTERNATE  MF.AN5 
FOR  ITS  EXPRESSION  AND  RECORDING  WERE  STUDIED. 

ATTENTION  WAS  ALSO  DIRECTED  Tq  VARIOUS 
DOCUMENTATION  PROCESSES  IN  WHICH  THE  MESSAGE  REMAINS 
INVARIANT,  THOUGH  The  SYMBOLISM  FOR  EXPRESSING  it  mat 
BE  GREATLY  altered.  IN  CONSIDERING  MATHEMATICAL 
formulation,  this  *ed  to  such  concepts  as  the  message 
as  a  SET,  which  mat  find  EXPRESSION  in  an  equivalence 
class  of  sets,  each  of  which  is  a  version  of  a  given 
message.  The  CONCEPT  OF  SET,  IN  TURN,  LED  US  TO 
5  U  C  H  CONCEPTS  AS  SETS  OF  5ETS,  SUb-SETS,  AND 
IRREDUCIBLE  SUB-SETSALSO  SOMETIMES  CALLED  "UNIT 

elements,"  the  concepts  of  mapping  and  inverse 

MAPPING  WERE  ALSO  SHOWN  TO  BE  DIRECTLY  INVOLVED  WHEN 
dealing  with  such  equivalence  classes,  these 
CONCEPTS  ARE  OF  ESSENTIAL  IMPORTANCE  FOR  CONSIDERING 
in  a  uniform  and  rigorous  manner  a  very  wide  Range  of 
documentation  processes  Ranging  from  translating  from 

ONE  NATURAL  language  TO  ANOTHER  TO  ALPHABETICAL 
INDEXING,  ENCODING  FOR  machine  SEARCHING,  and 
ABSTRACTING,  PERFORMED  EITHER  8  Y  PEOPLE  OR  BY 
PROGRAMMED  MACHINES.  (AUTHOR)  (li) 
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DDC  «£»»ORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  ZACh*3 
A0-R33  802 

STANFORD  RESEARCH  INST  MENLO  m,RK  CALIF 

CELLULAR  LiNEAR-INPuT  LOGIC,  (U) 

descriptive  note;  final  rept., 

FES  6H  248P  HINNICK , ROBERT  C.  i 

SHORT, ROBERT  A,  { 

CONTRACTS  AFIR  A28  R98 
FRCJS  N8NI  ,  SR  I  PRO  J  » **  J  2  2 
TASK;  R6N10I 

monitor:  a'crl  an  a 

UNCLASSIFIED  REPORT 
SUPPLEMENTARY  NOTE; 

DESCRIPTORS;  (»C0MPUT£R  LOGIC,  LINEAR  SYSTEMS ) , 

( ®DAT A  STORAGE  SYSTEMS,  NETWORKS)  ,  CIRCUITS,  GEOMETRIC 
FORMS,  BIBLIOGRAPHIES,  MATHEMATICAL  LOGIC,  SWITCHING 
CIRCUITS,  CASCADE  STRUCTURES,  DaTa  PROCESSING  SYSTEMS, 
TOPOLOGY,  COMPUTER  LOGIC,  SEQUENCES,  TRIGGER  CIRCUlTSIU) 

identifiers:  m**,  cellular  arrays,  arrays,  trees, 

RECTANGLES,  TESSELLATIONS,  adder  array  JUi 

A  NUMBER  OF  DIFFERENT  CELLUALR  ARRAYS  are  PROPOSED 
AND  STUDIED  in  ThIS  REPORT,  THESE  ARRAYS  FALL  INTO 
TWO  STRUCTURAL  CLASSES;  namely,  TREES  AND 
rectangles,  it  15  shown  in  the  report  that  they 

CAN  be  USED  FOR  a  WIDE  VARIETY  OF  DIGITAL  TASKS. 

SOME  OF  THE  MORE  IMPORTANT  POTENTIAL  A  PPL  I  C A T I 0N5 
OF  CELLULAR  ARRAYS  ARE  CONSIDERED.  A  CONNECTION 
BETWEEN  CELLULAR  ARRAYS  AND  TESSELLATIONS  JS  ALSO 
POINTED  OUT.  CELLULAR  ARRAYS  FOR  THE  PRODUCTION  OF 

combinational  digital  logic  are  studied.  ARRAYS  OF 
MAJORITY  GATES  ARE  STUDIED  BOTh  IN  TERMS  OF  TREES  »ND 

Rectangles,  methods  are  developed  for  synthesizing 
arbitrary  COMBINATIONAL  functions  with  a  minimum 
number  of  gates,  wjthin  certain  structural 
assumptions,  an  adder  array  is  described  and 
studied  in  this  section,  these  arrays  produce 
SEVERAL  ARBI'RARY  COMBINATIONAL  functions  of  a 
INPUT  VARIABLES.  SEVERAL  THE0REM5  ARE  PROVED 

relating  to  the  TYPES  of  possible  adder  arrays 
the  number  of  cells  in  THEM.  UUTHOR) 
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LOCKHEED  MISSILES  AND  SPACE  CO  PALO  ALTO  CALIF 
RESEARCH  ON  AUTOMATIC  COMPUTER  ELECTRONICS,  VOL,  II. 
LOGICAL  design  RESEARCH.  CJ) 

DESCRIPTIVE  NOTE:  final  REPT.,  J  SEP  62-1  OCT  63, 

FEB  6R  J93P  Tanaka ,R ichaRD  i.  : 
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PROj:  aF-7062 
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MONITOR!  ROt  TdR-63-R 1 7 3- V0L"2 

UNCLASSIFIED  REPORT 

Supplementary  note: 

DESCRIPTORS:  (‘COMPUTERS,  DESIGN),  COMPUTER  LOGIC, 

ALGEBRAS,  CIRCUITS,  S-MATRSX,  SWITCHING  circuits, 
special  functions,  tables,  set  theory,  data  storage 

SYSTEMS.  SPECIAL  PURPOSE  COMPUTERS  (U) 

IDENTIFIERS:  1969,  0OOLEAU  ALGEBRA,  MINIMIZATION, 

ternary  algebra,  race  program,  algorithms,  residue 
numbers,  thresholds  (Math)  (U) 

THRESHOLD  LOGIC  AND  TERNARY  LOGIC  DESIGN  RESEARCH 
!i  DESCRIBED  IN  THJ5  BOLUME.  THE  DESCRIPTION  OF 
THREShOLO  logic  INCLUDES  THEORETICAL  RESULTS  usable 
FOR  SYNTHESIZING  THREShCuD  FUNCTIONS  BY  MEANS  OF 
ORTHOGONAL  EXPANSIONS,  BOOLEAN  TECHNIQUES,  OR 
DECOMPOSITION  METHODS.  DESIGN  TECHNIQUES  WHICH 
CONSIDER  CONSTRAINTS  IMPOSED  by  PRACTICAL  CIRCUIT 
CONS 4 oERaT I ONS  ARE  ALSO  DESCRIBED,  ALONG  WITH  THE 
ASSUMPTIONS  WHICH  DEFINE  THE  CONSTRAINTS,  THE  WORK 
ON  TERNARY  LOGIC  IS  INTENDED  TO  BE  A  PRELUDE  TO  LATER 
EXTENSION  TO  P-VALUED  LOGIC*  THE  TWO  MAJOR 
APPROACHES  FOLLOWED  ARC:  (i)  DERIVING  SUITABLE 

ternary  algebra  systems  which  include  properties 

DESIRaBLE  for  MINIMIZING  LOGIC  EXPRESSIONS,  and 

(2)  devising  methods  fo~  expressing  ternary 

FUNCTIONS  IN  FORMS  SUJTaBuE  FOR  IMPLEMENTATION  BY 
TERNARY  ELEMENTS.  (AUTHOR)  (U) 
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UNCLASSIFIED  REPORT 
SUPPLEMENTARY  NOTE: 

DESCRIPTORS:  <*0OMPUT£R  LOGIC,  SYNTHESIS),  digital 

COMPUTERS,  CIRCUITS,  NETWORKS,  TRANSISTORS,  SWITCHING 
CIRCUITS  <U> 

IDENTIFIERS;  NOR  CIRCUITS,  nano  CIRCUITS  <U) 

THE  problem  of  synthesizing  nor  and  nand  logic 

DIAGRAMS  FOR  THE  GENERATION  OF  LOGIC  FUNCTIONS  IS 
STUOIED  AND  A  TECHNIQUE  IS  PRESENTED.  THE 
SYNTHESIS  PROCEDURE  IS  SO  DEVELOPED  TMaT  l T  CAN  BE 
CARRIED  OUT  HANUaLLY  OR  BY  USING  A  DIGITAL  COMPUTE#, 
(AUTHOR)  (U) 
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Apr  fcR  208P  WANNER, VANCE  R.  I 
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unclassified  report 
supplementary  note.' 

descriptors:  ^information  retrieval,  digital 

COMPUTERS).  (‘COMPUTER  LOGIC,  DIGITAL  COMPUTERS), 
MULTIPLE  OPERATION,  INPUT-OUTPUT  devices,  data  storage 
systems,  data  processing  systems,  design,  search 
theory  iu» 

THE  PaPER  OUTLINES  a  PRELIMINARY  LOGICAL 
INVESTIGATION  of  a  data  retrieval  system  IN  WHICH 
WORD  BITS  ARE  HANOLEO  IN  PARALLEL  AND  IN  WHICH  Y HE 
interrogation  plan  is  not  constrained  to  conform 
necessarily  to  a  preordained  set  of  interrogation 
KEYS.  ALTHOUGH  The  SYSTEM  IS  GENERALLY  DESCRIBED. 
aTTENtIOB  IS  FCCUSEO  PRIMARILY  upon  The  HEART  of  the 
SYSTEM,  A  COMPARATOR  UNIT  whose  PURPOSE  IS  TO  EXTRACT 
FROM  THE  LARGER  BOOT  OF  STORED  DATA  THAT  WHICH  IS 
GERMANE  TC  any  specific  set  Of  INTERROGATION 
CRITERIA,  SINCE  the  TREATMENT  IS  not  ORIENTED  IN 
THE  DIRECTION  of  ANY  unique  USAGE,  THE  APPROACH  IS 
QUITE  GENFRAL  and,  FURTHERMORE,  DOES  NOT  EXTEND  INTO 
ELECTRONIC  PACKAGING  OR  CIRCUITING.  (AUTHOR) 

I  U) 
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OCT  AM  1  SAP  NICHOLS, A.  J,  ,111. I 

REPT.  NO,  L0CK-A-7M-AM-M8 


UNCLASSIFIED  REPORT 

supplementary  note; 

DESCRIPTORS!  (•COMPUTERS,  SYNTHESIS),  < ‘COMPUTER 
STORAGE  DEVICES,  COMPUTER  LOGIC),  (•COMPUTER  LOGIC, 
COMPUTER  STORAGE  DEVICES),  SWITCHING  CIRCUITS, 
SEQUENCES,  INPUT-OUTPUT  DEVICES 

IDENTIFIERS!  SHIFT  REGISTERS,  SEQUENTIAL  MACHINES, 
ALGORITHMS 

THE  STUDY  IS  CONCERNED  PITH  THE  PROBLEM  OF 
MECHANIZING  SYNCHRONOUS  SEQUENTIAL  MACHINES  PITH 
SHIFT  REGISTERS.  IT  IS  SHOPN  ThAT  ANY  MACHINE  CAN 
BE  MECHANIZED  PITH  SHIFT  REGISTERS.  THE 
DETERMINATION  OF  THE  LEAST  NUMBER  OF  SHIFT  REGISTE*S 
REQUIRED  IN  A  MECHANIZATION  OF  A  GIVEN  MACHINE  IS 
INVESTIGATED.  A  20-STEP  ALGORITHM,  SUITABLE  FOR 
PROGRAMMING  ON  a  DIGITAL  COMPUTER,  IS  developed  *HICH 
STARTS  PITn  THE  STATE  TABLE  OF  THE  GIVEN  MACHINE  AND 
v  I ELQS  MECHANIZATIONS  having  The  least  possible 
member  of  shift  registers,  the  application  of  the 
algorithm  to  systems  design  is  considered,  and  a 
METHOD  Is  GIVEN  for  DECOMPOSING  The  SYSTEM,  DESIGNING 
EACH  OF  THE  SUBMACHINES,  AND  ThEN  COMBINING  Th£5E 
DESIGNS  INTO  A  MECHANIZATION  OF  ThC  SY5TFH,  IN 
ADDITION,  IT  IS  DEMONSTRATED  ThaT  The  ALGORITHM  Mat 
BE  APPLIED  TO  LOGIC  SYSTEMS  HAVING  THREE  OR  MORE 
VALUES  AS  OPPOSED  TO  The  CONVENTIONAL,  BINARY  SYSTEM, 
(AUTHOR)  (! 
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unclassified  report 

SUPPLEMENTARY  note:  SEE  also  AD-297  842. 

DESCRIPTORS!  (^COMPUTER  logic,  control  SEflUENCES), 
(•CONTROL  SEQUENCE,  COMPUTER  LOGIC).  SYNTHESIS,  DATA 
STORAGE  SYSTEMS,  GA.'ES  (CIRCUITS),  digital  computers, 
matrix  algebra  (l) 

identifiers:  threshold  logic  (u> 

the  SYNTHESIS  of  ThR£LhOlD  LOGIC  CIRCUITS  FROM 
SEVERAL  POINTS  of  V I c  tfc  IS  PRESENTED,  the  first 
approach  IS  APPLICABLE  TO  RESISTOR-TRANSISTOR 
networks  IN  WHICH  The  OUTPUTS  ARE  TIED  TO  A  COMMON 
COLLECTOR  RESISTOR,  in  GENERAL.  fe*er  threshold 
logic  gates  than  nor  gates  connected  to  a  common 
COLLECTOR  resistor  are  required.  synthesis 
TECHNIQUES  BASED  upon  the  USE  OF  BOOLEAN  MATRICES 

are  presented,  in  this  case  the  goal  of  the 

SYNTHESIS  IS  A  NETWORK  TO  REALIZE  A  SPECIFIED 
function  such  that  the  failure  cf  ant  but  the  output 
gate  c*n  be  compensated  fcR  by  a  change  in  the 
threshold  level  (ano  Rossi  bit  changes  in  the 

WEIGHTS  OF  THE  INPUTS).  IN  GENERAL.  TmE  ABILITY  TO 
COMPENSATE  F^P  A  FAILURE  REQUIRES  THE  SYNTHESIS  OF  A 
NETWORK  with  more  Gates  Than  IF  no  COMPENSATION  WERE 
REQUIREOI  T  h  £  NEi  RESULT  is  that  the  synthesis  is 
an  INVOLVED  PROCEDURE,  a  MECHANISM  FOR  CHANGING 

weights  of  threshold  gates  using  a  photo-diode  matrix 
IS  PRESENTED.  The  DESIGN  0 f  The  CONTROL  system  for 
AN  I B  m  TYPE  JSC  D ! 5  C  FILE  IS  PRESENTED  AS  AN 
ILLUSTRATION  OF  the  DESIGN  DF  A  PRACTICAL  system  in 
which  Threshold  logic  is  employed,  the  function  of 
THE  CONTROL  SYSTEM  IS  T  Q  ROSITION  TmE  READ-WRITE 
HEADS  over  The  SPECIFIED  TRACK  OF  A  SPECIFIED  DISC  TO 
READ  in  OR  to  read  out  data.  LESS  logic  CIRCUITRY 
I  5  REQUIRED  IF  THRESHOLD  LOGIC  RATHER  THAN  NO* 

LOG  I C  ; S  USED.  ( AUTHOR )  ( U ) 
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monitor:  arod  ,2E  2263: 

UNCLASSIFIED  report 
supplementar y  NOTE: 

descriptors:  (^adaptive  control  systems,  computer 

LOGIC).  (•COMPUTER  LOGIC,  ADAPTIVE  CONTROL  SYSTEMS), 
COMMUNICATION  THEORY,  SIGNALS,  ANALOG  COMPUTERS, 
SWITCHING  CIRCUITS,  SPECIAL  FUNCTIONS  (MATHEMATICAL), 
POLYNOMIALS,  TRANsFORMaT  1 0US  (MATHEMATICS),  EQUATIONS, 
SWITCHING  CIRCUJ  Ts  (U) 

MODFRN  CONTROL  SYSTEMS  ARE  COMPLEX  AND  *UST  MEET 
STRINGENT  PERFORMANCE  REQUIREMENTS.  THERE  IS  AN 
OBVIOUS  NEED  IN  SUCH  SYSTEMS  FOR  DEVELOPMENT  OF 
DESIGN  PROCEDURES  FOR  C 0 MPU T E R - C On TR 0 L L E D  STSTEMS 

which  m*se  use  of  the  highly  developed  computer  ast. 

T H I  5  PAPER  PRESENTS  AN  ATTEMPT  TO  APPLY  COMPUTERS 
IN  The  solution  QF  one  CLASS  OF  SUCH  SYSTEMS.  THE 
REALIZATION  OF  The  NuVEL  COMPUTER  CIRCUITS  REQUIRED 
IS  OUTLINED,  ano  the  overall  DESIGN  LOGIC  is 
PRESENTED.  The  DESIGNER  versed  in  the  art  WJlL 
HAVE  NO  DIFF’CULTT  INTEGRATING  THE  INDIVIDUAL 
CIRCUITS.  IT  APPEAR5  THAT  ANALOG  CIRCUITS 
INTERCONNECTED  BY  means  OF  SWITCHING  DEVICES  will  g E 
USEFUL  IN  THE  REALIZATION  OF  ThE  REQUIRED  cQHPuTInG 

circuits,  the  required  computer  facility  seems  to 
BE  REASONABLE,  ano  COMMENSURATE  with  The  CONTROL 
PROBLEM. (AUTHOR,  (U) 
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unclassified  report 
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descriptor:  (•switching  circuits,  computer 

LOGIC:,  (^COMPUTER  LOGIC.  SWITCHING  CIRCUITS!, 

(•SPECIAL  "UNC T I ONS ( MAThEMAT  I  c AL  )  .  SWITCHING 
CIRCUITS),  DIGITAL  SYSTEMS,  DIGITAL  COMPUTERS, 

NETWORKS,  SYNTHESIS 
IDENTIFIERS!  SWITCHING  FUNCT!ONS 

the  important  properties  of  symmetric  functions  are 
PRESEnTEO  and  A  SYSTEMATIC  PROCEDURE  15  developed  for 
DETECTING  these  functions,  a  DESIGN  method  is 
given  whereby  symmetric  functions  can  be  synthesized 
with  networks  which  are  ECONOMICAL  and,  IN  CERTAIN 
instances  minimal  in  the  number  of  Ternary  threshold 
DEVICES  REQUIRED.  t  HE  PRACTICAL  consequences  of 
these  Results  are  demonstrated  by  applying  detection 
and  LOGIC  DESIGN  techniques  to  A  TYPICAL  digital 
SYSTEM  problem.  (U) 


<U> 
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ILLINOIS  U N I  V  UR0ANA 

SYNTHESIS  OF  ThR££-LEV£L  LOGIC  CIRCUITS  4  1  T  H 
application  to  a  radix  three  computer  arithmetic 
"NIT.  (U) 

DESCRIPTIVE  NOTE!  MASTER'S  THESIS, 

mat  65  6 i p  sqzmaRjch. Thomas  Alois  ; 

unclassified  report 

SUPPLEMENTARY  note: 

DESCRIPTORS!  .^COMPUTER  LOGIC,  SYNTHESIS), 

(•CIRCUITS,  COMPUTER  LOGIC),  DIGITAL  COMPUTERS, 

SWITCHING  CIRCUITS,  DESIGN,  CONTROL  SEQUENCES  (U) 

it  is  known  that  the  u  s  e  of  a  larger  Radix  in  a 
DIGITAL  COMPUTER  will  result  in  The  speeding  up  of 
ARITHMETIC  operations  WhERl  The  number  OF  RtCURSlVr 
steps  is  REDUCED  with  a  larger  radix,  one  problem 
encountered  when  going  to  higher  radices  involves  the 
VOlTaGE  REPRESENTATION  OF  The  DIGITAL  VALUES  ,  WHICH 
MAY  lead  to  the  need  Ur  ADDITIONAL  CIRCUITRY  U'jST  to 
BE  ABLE  TO  DISTINGUISH  8E-WEEN  The  VARIOUS  VOlTAGE 

levels,  ternary  logic  mas  been  suggested  Ai  a 
means  of  CONTROLLING  timing  in  SEQUENTIAL  CIRCUITRY. 
ADDER  CIRCUITS  aRE  PRESE^'ED  for  uSE  In  a  RADIX 

three  computer,  and,  also  three  level  logic 

OPERATIONS  WHICH  HAVE  A  MORE  GENERAL  AMPLICATION,  (U) 
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JUL  45  2 14  3  P  HCPKINS.OONN  ARTHUR  I 

SEPT,  NO.  65-16 
CONTRACT!  N0NRL33S2 
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supplementary  note: 

descriptors:  {•coupling  circuits,  computer 

LOGIC),  (*COMPuTER  LOGIC.  STSTEMS  ENGINEERING), 

(♦systems  ENGINEERING,  computer  LOGIC),  (‘DIGITAL 
COMPUTERS,  SYSTEMS  EN : I NEER I NG ) ,  OatA  PROCESSING 
SYSTEMS.  QATa  TRANSMISSION  SYSTEMS,  CONTROL 
SEQUENCES,  multiple  OPERATION, 

PROGRAmm1nG(c0„puTERS),  GATES(CIRCUITS)  (L) 

IDENTIFIERS!  I  B  M  7  0  9  v  (U) 

The  TRANSrER  PaTh  is  A  SUFFER  UNIT  THAT  *ILL  BE 
USED  TO  DIRECT  COuPlE  *N  I  9  M  7  C  9  “  TO  THE  VARIABLE 
STRUCTURE  CQmplt£R.  '  N  a  D  D  I  t  I  0  N  • v  BUFFERING, 
the  transfer  P  a  T  H  ,  TP,  A  w  L  o  A  S  T  h  E  variable 
STRUCTURE  computer,  V  ,  To  c  0  N  T  R  o  w  ThE  RATE  AND 
0  I R  E  C  T I  0  N  Of  70o-  computation,  T *  0  ONECYClE 

transfers  exec l ted  t  „  e  form  are  conditional  upon 

INFORMATION  CONTAINED  IN  V.  The  TP  C*N 

ElECTpCN'CAgLY  STOP  OR  START  Tm£  7Q9h  AT  ANY  T {HE  I 
7  0  9<t  T  R  a  d  S  may  8  r  I  N  I  T  !  A  y  E  D  BY  v  ThROuGh  T  H  £  TP, 

a  number  of  modifications  to  form  logic  *  ere 

k-EOvIrEO  Tc  obtain  the  DESIRED  OPERATION!  A 

description  of  these  modifications  has  not  been 
included  in  this  repcrt,  reference  is  made  to  the 
7  C  9  r  LOGIC  pages  Ph ere  TP  SIGNALS  aPE  INTRODUCED* 
the  report  consists  of  e  i g t  chapters,  chapter 
I  IS  a  N  I N  T  R  c  0  L  C  T 1 0  N  T  r  The  VARIABLE  STRUCTURE 
CDmPuyER  and  a  statement  er  D  £  5  I  G  N  OBJECTIVES, 

CHAPTER  I  I  DESCRIBES  P ” A  y  The  tp  does  and  HO# 

I  T  INTERACTS  *  I  T  *  T«E  709-,  CHAPTER  III  I  S  A 
USER'S  M  A \ u  A  w  FOR  T  h [  ♦ p ,  Chapter  IV  CONCERNS 
OaTa  yRanSmis-ion  Rates  and  Includes  a  DISCUSSION  df 
709m  instruction  overlap,  CHAPTERS  *  ThKOG'Gm 

V  I  !  I  ARE  A  DESCRIPTION  O'  ThE  tp  l  0  G  U  .  7  "E 

MATERIAL  INCLUDES  a  DESCRIPTION  or  Tht  LOGICAL 

elements,  a  s  e  r  of  sequence  a  no  timing  charts,  a  set 
of  LOGiCAu  E  fi  u  a  T  i  0  n  ,  implemented  LOGIC  0  I  AGRA«S  ,  and 
A  BRIEF  DESCRIPTION  of  T  -  t  packaging.  The  READER 
MUST  BE  familiar  # I  T  h  The  779-  L c  G  I  C  BEFORE  it  is 
POSSIBLE  t0  h  N  0  £  R  s  T  a  n  0  The  D  E  T  A  I  l  5  OF  The  TP  LOGIC. 

(  A  J  T  H  ;  R  )  I  u  ) 

•  r, 
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an  experimental  study  c f  the  uses  of  ternary  logic  in 
DIGITAL  COMPUTERS.  fU) 

DESCRIPTIVE  NOTE:  MASTER'S  ThESiS, 
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unclassified  report 

supplementary  note: 

descriptors:  <*digital  COMPUTERS,  COMPUTER 

LOGIC!,  ( < 'OMPUT£R  LOGIC,  DIGITAL  COMPUTERS), 

BINARY  ARITHMETIC,  G A r ES ( C I RC U  I  T S  I  ,  SWITCHING 
CIRCUITS,  ALGE8RAS  (U) 

identifiers:  BINARY  DIGiTC,  ternary  switching 

CIRCUITS,  TRUTH  TABLES  (U) 

DIGITAL  COMPUTERS  PRESENTLY  IN  PRODUCTION  aR£  aLL 
binary  logic  machines,  in  that  they  are  built  with 

ELEMENTS  THAT  H*y£  TWO  STABLE  STATES.  GREATER 
EFFICIENCY  IN  COMPUTER  SPEED  ANC  HaRd**RE  *OULD  BE 

obtained  if  elements  with  other  t«an  two  states  *ebe 
used,  attempts  are  now  in  progress  to  find  devices 
that  have  This  property,  the  N£  X  t  LOGICAL  STEP 
beyond  BINARY  WOULD  BE  TERNARY,  a  STUDY  of  TERNARY 
ALGEBRAS  IS  MADE  WITH  EMPHASIS  ON  COMPUTER 

appl icat i  .ns.  functional  completeness  and 

EXPANSION  THEOREMS  aRE  INTRODUCED  TC  SHOW  THEIR 
USEFULNESS  IN  COMPUTES  DESIGN  AN  ADDER  CIRCUIT 

using  three  level  logic  is  described  and  a  measure  of 

EFFECT  I VENESS  USING  COST  AND  COMPLEXITY  AS  CRITERI* 

IS  MADE.  IT  CAN  bE  PREDICATED  THAT,  a5  THE  BINaRY 

computer  approaches  its  ultimate  in  speed,  more 

attention  will  BE  PLACED  on  n-valued  logic 

MACHINES.  (AUTHOR)  (U> 
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identifiers:  Turing  machine  <u* 

THE  REPORT  PRESENT'S  ThE  RESULTS  Of  A  SECOND  PROJECT 
OF  RESEARCH  ON  CELLULAR  LOGIC,  THE  OBJECTIVE  OF 
the  R£SE*RCH  HAS  BEEN  to  DEVELOP  TECHNIQUES  for  the 
EFFICIENT  REALIZATION  OF  GENERAL  LOGICAL  FUNCTIONS  IN 
MICROcEllOLAR  ARRAYS-- I .E, ,  CELLULAR  ARRAYS  IN  WHICH 

the  cells  contain  a  small  number  of  gates,  the 

REPORT  IS  IN  SEVEN  CHAPTERS.  THE  SUBJECTS  OF  The 
CHAPTERS  are  (I)  INTRODUCTION,  (Ii)  ORGANIZATION 
OF  NEW  CELLULAR  ARRAYS,  AND  ANALYSIS  OF  FAULT 
AVOIDANCE  SCHEMES,  (!!!)  MATHEMATICAL  ANALYSIS  OF 
CASCADES  AND  DERIVATION  of  decomposition  algorithms, 
(IV)  TECHNIQUES  for  PRACTICAL  LOGICAL  design  using 
CELLULAR  arrays,  (V)  A  PROCEDURE  FOR  COMPUTER-* IDED 
DESIGN  OF  CELLULAR  arrays,  (VI)  DESIGN  OF  A 
CELLULARlY-ORGAN I  ZED  TURING  MACHINE,  AND  (VJJ) 

SUMMARY  ANT  SUGGESTIONS  FQR  FURTHER  WORK. 

(AUTHOR  (U) 
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the  paper  briefly  describes  a  fast  logic  circuit, 

ACHIEVED  BY  CONneC  t I NG  THE  LOGIC  SNITCHES  »AND* 

*0R»  and  ’NOR’,  ANw  The  MEMORY  COMPONENTS  IN  AN 
n-Djmensional  network  of  a  freely  chosen  system, 
the  typical  operations  quoted  are:  survey  and 
calculations  OF  three  DIMENSIONAL  figures, 
DETERMINATION  Of  The  FIGURE  CONTOURS,  D£ TERM  I na T I Om 

^rJHLCrRvES  CREATED  0Y  the  Intersection  0p  two 

DIFFERENT  F  [  GURES  AND  SIMILAR.  THE  DIAGRAM  WHICH 

IN  IHE  TEXT  Sh0WS  ONLY  a  simplified  outline  of 
connections,  only  the  joints  of  the  outer  cells  arf 
illustrated,  the  first  two  memory  components  s n 

SUB  I  AND  N  SUB  2)  ACCEPT  MEMORIZE  THE  BlNARY  SIGNS 

1  *  ' 0 '  from  the  similar  cells  qf  the  memory 

CIRCUIT.  THE  THIRD  COMPONENT  (n  5UB  3  ACCEPTS 

AND  MEMORIZES  ThE  RE5UL  T  OF  The  LOGIC  OPERATION  FroC 

the  switch  (K)  and  passes  it  according  to  the 
command  either  to  the  cell  of  the  memory  circuit  or 
to  THE  component  (N  SUB  2).  The  ARRANGEMENT 


can  be  made  FOUR-  OR  FIVE-DIMEnSIONAL,  using  various 
MAGNETIC,  CAPACITIVE  AND  SEMICONDUCTOR  components. 
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a/c  section,  section  < i i )  gives  a  detailed 

DESCMdT!ON  of  the  OPERATIONS  PERFORMED  DURUo  EACH 
TYPt  OF  COMMAND,  IT  A  L  S  PRESENTS  A  MATHEMATICAL 
or  SYMBOLIC  DESCRIPTION  of  The  OpeRaTjON  OF  DREAC 
in  ALL  COmhaNOS.  SECTION  (III)  PRESENTS  SPECIAL 
INFORMATION  of  The  type  NEEDED  by  THE  PROGRAMMER, 

IT  INCLUDES  ROUNDING,  REPRESEnTaijON  of  zero, 

OVERF|_OA  AND  the  LIFE.  SECTION  (  I  V  )  15  THE  BULK 

OF  TH£  REPORT.  IT  GIVES  in  detail  the  LOGICAL 
EQUAT:ON5  AhICh  DESCRIBE  exactly  ThE  modus  o°erandi 
of  0  R  E  A  C .  EXPLANATIONS  ACCOMPANY  THE  EQUATIONS, 
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THERE  ARE  TWO  APPROACHES  That  CAN  3£  T4<EN  in  THE 
SEARCH  for  NEW  DEVICES  and  TECHNIQUES  FOR  DIGITAL 
INFORMATION  PROCESSING.  ONE  APPROACH  CONSISTS  OF 
HAVING  AN  »  A  PRIORI'  CONCEPTION  OF  A  LOGIC  STRUCT UpE 
FOR  THE  IMPLEMENTATION  OF  GENERAL  LOGICAL  STATEMENTS. 
THE  OTHER  APPROACH  IS  TO  EXAMINE  APPROPRIATE 
D  E  V i C  E  S  AND  PHYSICAL  PROCESSES  AND  TO  DETERMINE  *HICM 
LOGICAL  statements  They  might  REPRESENT.  The.  first 
APPROACH  is  THE  most  common.  IT  IS  U  S  ~  »L  TO  REDUCE 
ALL  LOGICAL  STATEMENTS  TO  BOOLEAN  aLGEB«A  AND  T  h  t  N 
TO  SEEK  DEVICES  a  NO  PHYSICAL  PROCESSES  which  A|ll 
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WITH  devices  AND  need  not  CONSTRUCT  a  NE*  ALGEBRA  of 
LOGICAL  STATEMENTS.  HOWEVER.  AS  NEW  PHYSICAL 
PROCESSES  AND  RESULTANT  DEVICES  ARE  EXPLORED,  SUlh  AN 
APPROACH  May  RESuLT  IN  an  INEFFICIENT  UTILISATION  OF 

these  new  techniques.  t  n  e  alternate  approach  is 

EXPLORED  in  T  h  E  PRESENT  PaPER.  we,  EXAMINE  A 

physical  process  w  n  j  c  h  a e  believe  has  the  p o t e n i  i a l 

FOR  Hi GH-SPEEO  AND  ACCURATE  OPTICAL  INFORMATION 
PROCESSING,  we  Then  examine  some  OP  T  m  f  LOGICAL 
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investigating  these  we  attempt  to  avoid  any  *a 
PRIORI'  BUS  FOR  The  REALIZATION  OF  BINARY  LOGIC, 
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a  train*9w£  adaptive  threshold  logic  gate  is 
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logic  is  presented  along  aith  a  description  of  a 
TRAINING  TECHNIQUE.  CAPACITORS  c  a  °  a  9  l  E  of 
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s  *  i  t  c  ~  i  n  G  fgnct'cns.  some  “racmcal  discrepancies 

9 E trees  IDEA.  OPERATION  anD  C  I  R  C  u  j  T  OPERATION  are 
0 i s  C  U 5 S  £  D •  SUGGESTIONS  fqr  FjTuRt  STUDIES  AND 
c;r;l:t  improvements  are  given,  i author  i  iui 


B  IOLOGICAL 


INFORMATION 


HANDLIN 


N  CLASSIFIED 


DOC  REPORT  BIBLIOGRAPHY  SEARCH  COM*CL  NO.  Z  B  C  N  6  3 
A  0  - h 1  *  2Q i 

HELPAR  InC  faLuS  C  h  l  R  C  h  va 

A  STldy  C  F  GENERALIZED  mAChine  ^EARNING.  <  U ) 

DESCRIPTIVE  note:  f j n  *  L  Technical  R  E  p  T  .  f  £  b  6  2 - J  L  N L 

63  , 

A  L  c  6  3  ?  2  0  P  F  l  H  R  I  A  I  L  L  I  *  M  H  .  ,* 

contract:  4  F  3  j  fc  1 6  7  b  3  2 

p  R  0  J  :  Y  !  6  C 

T  A  s  A  :  **  1  6  0  H  R 

monitor;  a  5  0  t  0  R  e  3  7  i  v 

wN CLASSIFIED  REPORT 


DESCRIPTORS:  ! • ’ E  A  C  h I n  G  “  a  C  h  I  N  E  S  ,  BIONICS!, 

I  C  N  I  C  S  ,  A  N  A  „  Y  s  ,  S  !  ,  (  •CO“plTE'IS  ,  ARTIFICIAL 

intelligence),  EFTfcrivENEss,  cvetRNETics, 

TEST  methods,  C  0  « p  u T  E  R  LOGIC,  PERCEPTION, 

SEN  SCR'  *£Chan;Sm,  NERVE  CELLS,  PSvC.HCi.OGV, 

Simulation,  man,  VISION.  ,  ISlAl  AClITv.  { U  > 

identifiers:  m a r «. c v  process,  socln  iself-orga 

N  J  Z I N  j  binary  lCoIlAw  n  E  T  a  C  R  a  i  ,  MADE 

v  E  H  I  C  l  £  ,  l  R  6  j  ,  (  u  ) 

The  TRAINING  P  R  C  c  r  S  R  -lb  BEEN  ANAlvZ£0  as  A 
-aRaOv  PROCESS  IN  a  f  i  N  :  t  f  S  ’  a  T  E  m  a  C  I  N  t  ,  * 

VECTOR  R  E p  R : S  F N  T  A  T : 0  N  OF  «  A  L  H  I  \ E  inputs  and  OLTP UTS 
IS  D  E  v  E  _  o  s  E  D  an:  a  “  T  ~  o  0  C  f  D  E  T  E  R  M  I  N  I  N  o  T«r  TRanS  I 
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L  £  a  R  ,  :  N  o  '  I  -  t  rN”  -t.  TRANS  :  T  I  O'  “A  TR  I  A  .  USING 
CHARACTERISTICS  0  f  *Ht  TRANSITION  “ A  T  R  I  X  ,  A  THEOREM 
<5  p  h  '  v  t  0  t  S*  a  a.  I  S-ES  T-E  C  C  !  tl«  I  On  FqR  a 

s  T  A  T  I  :  N  A  R  T  p  R  :  3  A  3  I  ...  I  T  V  O'S’PIA.TilS  C  V  STATES,  a 
method  ;  5  A „ S ;  PRESENT? D  FOR  R  E  D  u  C  I N  G  The  SIZE  OF  a 
transition  h  a  T  R  I  «  0’  C  0  h  a  ;  n  ;  n  g  t«-.  IvAlENT  STaTes. 
c  R  ; T  £  r  :  a  r :  r  ioENT'rv  ;ng  ?  a  w  e  *.  t  states  are 

D-  E  f  [Sf r  -  .  *  p  a  :  N  ;  N  o  PROCESS  :  5  '  n  , .  S  T  ;  G  a  T  £  c  *  ;  T  « 
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n  ’  a  * : :  a  s  t  .  ,  :  r  :  h e  s  :  s  a  _  s  c  presented,  NvALRcjS 
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'ION  :  F  H  .  M  A  N  IIP’-  J  E  =  L  F  F  T  ;  D  N  .  INC.  SIZE  AND  “■ E  T  I  N  A  L 
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This  REPORT  compiles  PAPERS  PRESENTED  in  The 
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held  !9-2i  march  19*3  at  dayton,  Ohio,  these 

SESSIONS  ARE  DEVOTED  to  t  h  e  SUBJECT  INFORMATION 
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CONCEPTS.  BIO LOGICAL,  maTm[ MAT  I C AL ,  AND 
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SOPHISTICATED  !N.O«MATION  PROCESSING  CAPABILITIES  OF 
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PPOJ:  7233 
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UNCLASSIFIED  REPORT 

supplementary  note: 

descriptors:  i •mathematic*  models,  bionics), 

(•TRAINING,  MATHEMATICAL  MODELS;,  !*STOcmaST.C 
PROCESSES;  FEEDBACK),  (‘BIONICS,  SEMayJoR),  A  D  A  P  T  A.  T  f  0  N 
(PHYSIOLOGY),  CYBERNETIC?  PATTERN  RECOGNITION, 
RETRAINING,  COMPUTERS,  CONTROL,  adjustment 
{PSYCHOLOGY),  SENSORY  PERCEPTION,  S» MoLAT JON, 
ENVIRONMENT, LEARNING  iuj 

IN  CERTAIN  'THReshOLO  learning  PROCESSES' 

(TLPS)  ASSOCIATED  W I TH  PATTERN  RECOGNITION  AND 
SENSORY  PERCEPTION,  Th£  PROCESS  OF  TRAINING  AN 
OBSERVER  TO  REC0GM2E  PATTERNS  OR  cISTInGojSk  LEVE.S 
OF  SENSORY  EX'-»TaT!ON  MAY  @E  MODELED  BY  A  FINITE- 

state  markcv  chain,  the  statistics  of  the 

SIGNALS  RECEIVED  BY  tH£  OBSERVER  MOVE  AT  R*NOOM 
BETWEEN  TWO  S  E  T  5  OF  PARAMETERS  IN  A  *T*VO-MOO£*  TLPt 
MODELED  BY  a  TWO-MODE  MaRKOV  CHAIN,  USING  A 
PROBABILISTIC  MEASURE  OF  EFFECTIVENESS,  THE 
EFFECTIVENESS  Of  A  ‘SIMPLE  INCREMENTAL*  FEEDBal 
POl.CY  is  shown  ,w  BE  GREATER  for  TWO-MODE  T  l  P  5 
THAN  FOR  ONE-MODE  TlPS  OVER  a  CERTAIN  Range  of 
ENVIRONMENTAL  and  STRUCTURAL  S'/MSTICS.  A  METHOD 

of  designing  periodic  train-work  schedules  for  twq„ 

MODE  TLPS  IS  DESCRIBED.  (’TRAIN*  AND  'WORK  > 

CORRESPOND  TO  'CLOSEO-LOOP '  AND  *CPEN-LOOP' 
RESPECTIVELY.)  in  MANY  REAL  ADAPTIVE  PROCESSES  AN 
•Rc  APPROXIMATION*  OF  The  TRAIN-WORK  DYNAMICS  JS 
APPLJCA3-E.  FOR  THESE  PROCESSES  The  RATIO  OF 
W  0  R  K  J  G  TIME  to  RETRAIN"-^  TIM  ,  YIELDING  A  DESEED 
performance  level,  is  maMmizec  when  the  work-retrain 
PERIOD  JS  MADE  as  small  as  possible.  Many 
STOCHASTIC  PROCESSES  present  HOOELINu  PROBLEMS  of 
near  psychqlog.cal  complexity,  ways  in  which  c  **  e  n  - 
LOOP/CLOSED -l OOP  RELATIONSHIPS  CAN  help  The  life 
SCIENTIST  OR  ENGINEER  MODEL  /DaPTIVE  STOCHaSTJc 
PROCESSES  er  TWO-MODE  TLPS  ARE  INDICATED. 

(AUTHOR:  (U) 
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CN  T«c  STRjrTuRE  *40  0  R  o  A  n ! 2  a  t  ;  q  >,  OF  TM£  NERVOUS 

■  J 

v''  . 

S r  5  T  e  «  FR» u  an  information  RROCESSING  POINT  OF  VIEW 

"  !  v 
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Supplementary  note: 

:•  _v  , 

i 

DESCRIPTORS:  (••CENTRAu  NERVOUS  SYSTEM,  BIONICS)  , 

’•  ■  -  .V 

■r  ~ 

1 «  B 1 0  N : C  S ,  CENTRAL  N  E  R V  C  '  5  SYSTEM),  j • 0  a  T  A  PROCESSING 

c  ■  • 

•• 

S  ¥  S  T  e  m  5  ,  BIONICS),  nerve  CELLS,  PmySIOlOGY,  VISUAL 

SIGNALS,  visual  PERCEPTION,  C  u  l  0  R S ,  IMAGES,  focusing, 

;•  ; 

k- 

INTENSjTy,  S 0  4  C  E  PERCEPTION,  STABILIZATION, 

:&;*■< 

SERVOMfCHANICS,  NEUROMUSCULAR  TRANSMISSION,  CEREBRAL 

CORTEX,  CEREBELLUM,  6  R  A ! N  ,  RETINA,  BIOPHYSICS, 

■ . 

■  .... 

CYBERneTjcS,  hoSTuRE,  PROBABILITY,  DIFFERENTIAL 

■  ' 

E3UATI0NS  (U) 

identifiers:  Electrophvsioldgy  (U) 

;  ■  ■**'  '  ... 

a  s t u o Y  a*s  made  of  the  central  nervous  system  from 

AN  INFORMATION  PROCESSING  POINT  OF  VIEW,  THE  STUDY 

V,  :-v 

ENTAILED  4  REVIE  V\  AND  CRITICAL  A  N  A  L  Y  S  1  S  Or  SEVERAL 

HUNDRED  REFERENCES,  aND  INVOLVED  A  CONSIDERABLE 

amount  of  RECASTING  and  REORGANIZATION  OF  EXISTING 

•  '■  ■■■ ' ' 

.  v 

knowledge  Into  The  terms  *  n  d  concepts  of  engineering, 

■  *  ;  •  '• 

with  particular  REFERENCE  to  potential  BIONIC 

*  "  ■ 

APPLICATIONS,  The  STUOv  t.  \  S  SELECTIVE  RATHER  Than 

COMPREHENSIVE.  The  NEURAL  CODING  PROBLEM  WAS  FIRST 

yx 

examined,  the  history  of  efforts  dealing  with  this 

-  '  /  : 

problem  was  reviewed,  ano  a  mathematical 

• 

REPRESENTATION  of  neural  SIGNALS  (NEURGGRAMS)  and 

NEURAc  OPERATORS  was  .'OR  ->Ul  A  Trp ,  THE  PROCESSING  OF 

*• 

OATa  b  t  the  visual  SYSTEM  WaS  Then  DESCRIBED,  with 

. 

particular  Reference  T"  FORM,  COLOR,  AND  MOVEMENT 

detection,  the  temporal  continuity  of  visual  objects, 

> 

'■  '  *'  • 

IMAGE  fixation,  automatic  FOCUSSING  control,  ’ 

intensity  control,  image  fusion,  depth  perception, 

and  the  stabilization  of  visual  space,  next,  the 

.  1 

NEURAl  control  OF  movement  was  ANALYZED  FROM  A 

••  " 

SERVOmECHAN  ICAL  VIEWPOINT,  the  unit  BIOMECHANICAL 

fONTRoL  SYSTEM  WAS  DEFINED,  AND  The  CORTICOSPINAL 

command  OF  This  unit  system  was  discussed,  the 

.  •  _  >  .  •  :  ; 

CEREBELLAR  COORDINATION  and  EXTRAPYRAMIDAL 

STABILIZATION  OF  SEQUENCES  and  COMBINATIONS  of  (U) 

■) 

.■  • 
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OOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z60ma3 
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RAND  CORP  SANTA  MONICA  calif 

A  DEFENSE  OF  NEURAL  MODELLING,  ( U  } 

JaN  6b  !OP  PERKEL .DONALD  H.  i 

MOORE .GEORGE  P ,  I 
REPT.  NO.  P-3057 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE;  PRESENTED  AT  THE  CYBERNETIC 
SCIENCES  SYMPOSIUM  (2ND),  THE  LOS  ANGELES 

Invitational  cn  biophysics,  helo  on  13  oct  as,  at  twe 

UNIVERSITY  OF  SOUTHERN  CALIFORNIA,  LOS  ANGELES. 

DESCRIPTORS:  <  *  B I  0  N I C  S ,  NERVOUS  SYSTEM),  (eNERVQUS 

SYSTEM,  MODELS  (SIMULATIONS)!,  CYBERNETICS, 

PROGRAMMING  (COMPUTERS),  DIGITAL  COMPUTERS, 

physiology,  sympos  i  a  id 

AT  The  SECOND  CYBERNETIC  SCIENCES 

SYMPOSIUM,  HELD  on  13  OCTOBER,  i96M,  The  SPECIFIC 
UTILITY  OF  NEURAL  MODELLING  TO  THE  EXPERIMENTAL 
RESEARCH  RORKER  *AS  $UtST i QNED  BY  DR.  LOUIS 

fein,  of  palo  alto,  California.  or. 

FEIN'S  WRITTEN  COMMENTARY  AND  THE  AUTHORS*  REjPONSf 
ARE  PRESENTED  here  IN  the  BELIEF  that  T  m  i  5  EXCHANGE 
HAS  IMPL’CATIONS  beyond  NEUROPHYS  I OLOGY  ,  EXTENDING  to 
the  CONSTRUCTION  OF  COMPUTER  MODELS  OF  BIOLOGICAL  and 
other  COMPLEX  SYSTEMS.  (U) 
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DOC  REPORT  8IBLI0G«aPhY  SEARCH  CONTROL  NO,  700863 
AD-613  v  3  0 

PHlLCC  CORP  * I L  L  0  W  GROVE  PA  810-CYBERNETICS  LA0 
A  CORRELATIONAL  study  OF  MY  0 POTENTIAL  response  and 
force  Of  MUSCLE  contraction  DURING  VARYING  ACTIVITY 
DEMANDS.  tl'I 

DESCRIPTIVE  note;  INTERIM  REPT., 

mar  6  S  3  2  P  FINLEY, F,  RAY  ; -« I R  T  A , R  0  Y 

A  •  t 

REPT.  NO*  2386 
contract;  N0NRM292OO 

UNCLASS  IF  IEO  REPORT 
Supplementary  note: 

DESCRIPTORS:  (‘BIONICS,  MUSCLES),  (‘MUSCLES, 

electrical  properties),  contraction,  performance 

(HUMAN),  COMPUTERS,  SIGNALS,  motion,  CYBERNETICS, 

CONTROL  systems,  POTENTIOMETERS,  ERGOMETERS, 
tachometers,  electronic  recording  sys>ems, 

RELIABILITY,  FORCE  (MECHANICS),  PROGRAMMING 
(COMPUTERS!  (U) 

IDENTIFIERS:  myOPOTenTIAL  RESPONSE,  MYOELECTRIC 

ACTIVITY,  « VOCODERS  (U) 

A  major  OBJECTIVE  OF  the  PHJLCO  B 1 0 - 
CYBERNETICS  ENGINEERING  ACTIVITY  haS  BEEN  To 
DEVELOP  AN  optimum  DEGREE  of  COMPATIBILITY  BE T WEEN 
MAN  AND  the  machines  Which  HE  USED  TO  AUGMENT  hIS 
PERFORMANCE  C  A  P  A  c !  1 Y ,  ONE  PHASE  OF  STUDY,  IN  The 
pursuit  of  this  OBJECTIVE,  has  BEEN  OEvE  3ED  about  a 
HYPOTHESIS  That  The  MYOELECTRIC  ACTIVITY  ASSOCIATED 
WITH  MUSCULAR  CONTRACTION  could  BE  UTILIZED  to 
CONTROL  A  POWERED  EXO-SKELET*l  System  designed  to 
amplify  ONE’S  strength,  T  h 1 5  PHASE  OF  STUDY  jS  ThE 
SUBJECT  OF  this  interim  report.  (U) 
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example  op  a  large-model,  simulation  OP  The  blood 
BIOCHEMICAL  SYSTEM,  <U) 

AUG  65  3  3  p  MALONEY, JAMES  V,  ,jR.i 

DEHAvEN,  JAMES  C.  ICELAND, EDAfARD  C.  I 
BRADHAM ,6 1 L6ERT  6  •  I 
REPT  ,  NO.  P-319P 

UNCLASS l P I  ED  REPORT 

SUPPLEMENTARY  NOTE;  PREPARED  POR  PUBLICATION  IN  A 
SYMPOSIUM  ISSUE  CP  T  r,  P  JOURNAL  OF  CHRONIC  DISEASES. 

descriptors:  <*blood  chemistry,  mathematical 

MODELS  1  t  ( • b 1  ON  I C  S ,  BLOOD  CHEMISTRY),  COMPuTtRS, 
simulation,  programmingicomputers), 

RESPIRATORY  SYSTEM,  CHEMICAL  REACTIONS,  blood 
Plasma,  erythrocytes,  stress ( phys i ology  ) , 
metabolic  diseases,  acidosis,  hypothermia, 

HEMATOCRIT,  HEMOGLOBIN,  SYMPOSIA  (U) 

the  paper  outlines  A  FORMAL  PROCEDURE  POR 
SIMULATING  CERTAIN  ASPECTS  OP  the  BIOCHEMISTRY  op  t 
VIABLE  SYSTEM.  Th£  PROCEDURE  IS  BASED  ON  A 

mathematical  mode*,  and  a  computer  program,  the 

PLAUSIBIL'TY  OP  CONSTRUCTING  DETAILED  MODELS  op  large 

biochemical  systems  is  demonstrated,  the  object  op 

THE  PAPER  IS  TO  DEMONSTRATE  VH*T  A  MATHEMATICAL 
PROGRAM  CAN  SIMULATE  THE  FUNCTIONS  OP  A  SELECTED 
VIABLE  SYSTEM,  POR  THIS  PURPOSE,  A  MATHEMATICAL 

model  op  viable  blooq  known  as  the  ’Sp  blOuO'  model 

WAS  CHOSEN.  THE  *SP  BLOOD'  MODEL  IS  A  REASONABLE 
REPRESENTATION  op  The  RESPIRATORY  function  OF  The 

adult-res r i ngmale  blood.  <u> 
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P  U  R  0  0 1  u  N  I  V  LAFAYETTE  I  n  D 

The  STUTTERING  P  R  C  3  l  £  M  CONSIDERED  K » 0  M  AN  AUTOMATIC 
CONTROL  POINT  OF  VIE*.  (U) 

DESCRIPTIVE  note:  OOCTCRAL  T*-:eSlS, 

•J  A  N  6  S  1  2  6  P  f)  U  T  L  E  R  ,  8  L  *  I  N  E  R.  ,  J  R  .  I 

UNCLASSIFIED  R  E  P  0  R  r 

Supplementary  note: 

DESCRIPTORS:  ! ♦ V  E  R  S  A  L  B  t  ~  A  v  !  0  R  ,  BIONICS), 

(•BIONICS,  VERBAL  B  £  m  A  v ; 0  R  )  ,  < • S  P  E  E  C  H • 

BIONICS*.  I °  C  v  9  £  R n E  T  I  c  S  ,  vERBAl  BEhavIOR), 
FSTChCphySIOLCGY  ,  ANOMALIES,  S  I  “uL  A  T  ,  ON  , 

mathematical  models,  co “Peters,  therapy, 
biophysics,  applied  psychology 
identifiers:  sputtering 

this  s t u d investigates  the  stuttering  problem  from 
»n  automatic  control  point  or  vie*,  in  order  to 

ACC0m°L I 5H  This,  I T  AAS  r;R.T  NECESSARY  TO  BUILD  A 

mathematical  model  of  tH£  speech  system,  this 

MODEL  *  a  S  9  *  s  E  0  ON  A  FAIRBANKS  MODEL,  a  5  a  FIRST 
aPPRCj!maTiCN,  £  *  T  R  E  m  £  SIMPLIFICATIONS  A  E  R  E  made 

ai  h  i  c  m  ignored  T  h  e  tactile  and  proprioceptive  feedback 

LOOPS  and  ASSUMED  LINEARITY  Of  Th£  VOCAL  t  R  A  c  T  AND 

ear  In  The  normal  Range  op  operation,  this 
essentially  reduced  The  MODEL  to  a  NON-lINEAR  S  y  5  t  e  m 
COMPOSED  op  NUMEROUS  T!«£  PElays  aND  VARIABLE  GAINS. 

R 1 0  u  5  INSTABILITIES  IN  the  system  »  £  R  E  Then 
CONSIDERED  and  TmEIR  VALIDITY  [N  The  STUTTERING 
problem  tested,  this  aas  accomplished  bt  applying 

c  L  I  N  1  C  *  L  L  •  TESTED  TechMSuES,  *  h  1  c  «  DECREASE  OR  STOP 

STUTTERING  in  PEOPLE,  to  the  mathematical  model. 

the  assumption  a  AS  T  h  a  t  IP  the  TECHNIQUES  amiCh 

decrease  or  stop  stuttering  in  p  o  p  l  e  also  returned 
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(i)  the  interaction  of  short-and  long-term 
MEMORIES  IN  HUMAN  DaTa  HANDLING,  AND  (2)  ThE 
EFFECTS  OF  PRESENTED  iNFnpMATt™  s»"Ec  nM  RUBJECT I 
INFORMATION,  I.E.,  the  amount  of  information  in  the 
OPERATOR’S  ESTIMATE  OF  WHAT  IS  PRESENTED  BY  THE 
DISPLAY.  (AUTHOR'  <  U ) 
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descriptors:  < •  d I g i t a l  computers,  TEACHING 

MACHINES),  FEASIBILITY  STUDIES,  HUMAN 
ENGINEERING,  PERFORMANCE ( HUMAN > ,  MaN-MACHINE 
SYSTEMS,  ACHIEVEMENT  TESTS,  APPLIED  PSYCHOLOGY, 
EDUCATION  j 

the  use  of  interactive  capacity  to  deal  with 
INDIVIDUAL  DIFFERENCES  IN  learning  HAS  POTENTIAL!!, ES 
IN  AT  LEAST  THREE  types  of  learning  environments, 
HOWEVER,  ITS  APPLICATION  TO  THIS  PROBLEM  JN  ANY  Op 
THESE  ENVIRONMENTS  IS  IN  RELATIVELY  CRUDE  STAGES. 
ALTHOUGH  NOT  TECHNOLOGICALLY  IMPOSSIBLE  to 
IHPLEMENT,  DEVELOPING  MAN-COMPUTER  INTERACTIONS  WHjCH 
•ILL  ADJUST  THE  PRESENTATION  OF  THE  MATERIAL  TO  BE 
LEARNED  TO  INDIVIDUAL  CAPABILITIES  AND  REQUIREMENTS 
DEPENDS  UPON  A  SUITABLE  BACKGROUND  OF  PSYCHOLOGICAL 
INFORMATION  FOR  GUIDANCE.  AT  ThE  PRESENT  TIME, 

THERE  APPEARS  To  BE  A  great  DEal  of  THIS  INFORMATION 
that  is  suggestive  of  directions  to  take,  and  of 
PROBLEMS  that  kill  arise,  however,  it  is  likely 
that  investigators  trying  to  use  this  new  tool  for 

THIS  PURPOSE  WILL  have  TO  C  r  VELOP  THEIR  OWN  SPECIFIC 
METHODOLOGY  and  THEIR  OWN  FUND  OF  RESEARCH  EXPERIENCE 
WITHIN  The  BROADeR  CONTEXT  of  TRADITIONAL  STUDIES  of 
INDIVIDUAL  DIFFERENCES  IN  LEARNING.  (I 
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DESCRIPTIVE  NOTE!  FINAL  REpT.  SEP  63-v-N  6  &  . 
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unclassified  repc  t 


descriptors:  <»data  storage  systems,  human 

ENGINEERING),  ( » I NFORM A T I  ON  RETRIEVAL,  HUMAN 
ENG  I NFrR I nG )  ,  HUMANS,  DECISION  MAKING,  COMMAND 
♦  CONTROL  SYSTEMS,  DATA  PROCESSING  SYSTEMS, 

operators! personnel > ,  design,  display  systems, 
coding,  recall,  performance < human ) , 

MATHEMATICS  models,  retention,  input-output 

DEVICES  IU) 

THIS  final  sr_,,  DISCUSSES  IN  SOME  DETAIL  THE 
MAJOR  RESULTS  OF  SOME  18  STUDIES  THAT  EAAMINED  THE 

effects  of  four  parameters  namely,  (i)  coding 
OF  INFORMATION,  (2)  ORGANIZATION  OF 
INFORMATION,  (3)  AMOUNT  OF  INFORMATION,  AND 
(8)  DISPLAY  time,  ON  INORmaTION  STORAGE  and 
RETRIEVAL  capacity  in  man,  five  STUDIES  DEALT 
SPECIFICALLY  WITH  CODING,  THREE  STUDIES  DEALT 
SPECIFICALLY  WITH  ORGANIZATION,  TWO  SiUDIES  DEALT 
SPECIFICALLY  with  AMOUNT,  AND  FOUR  STUDIES  DEALT 
SPECIFICALLY  WITH  DISPLAY  TIME.  ThE  RESULTS  OF  aLL 
18  STUDIES  WERE  RELATED  To  A  VARIETY  OF  DISPLAY 
OESIGN  °ROaLEMS  IN  MILITARY  'COMMAND  AND  CONTROL* 
SYSTEMS  AND  A  NUMBER  OF  SPECIFIC  DISPLAY  DESIGN 
RECOMMENDATIONS  ARE  OcF£REO  BaSEO  ON  THE  RE5EARCH 
FINDINGS.  ( U ) 
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supplementary  note; 

descriptors:  (^behavior,  simulation),  •digital 

computers,  humans,  learning,  computer  logic, 

PROGRAMMING  LANGUAGES,  PROGRAMMING  (COMPUTERS),  MOOfLS 
(SIMULATIONS),  VERBAL  BEHAVIOR  .U) 

BASED  ON  A  SURVEY  OF  The.  LITERATURE,  ThE  DIGITAL 
computer  as  a  simulator  of  human  behavior  is 
discussed  under  the  following  topics:  in 
COMPUTERS  AS  INFORMATION  PROCESSORS,  (2) 

HUMAN  INFORMATION  PROCESSING,  (J)  INFORMATION 

processing  theory  and  computer  simulation,  i*u 
computer  simulation  within  existing  frameworks, 

(5)  NEW  INFORMATION  PROCESSING  MODELS.  ( U ) 
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unclassified  report 
supplement aR"  note: 

descriptors:  (*COMManD  AND  CONTROL  SYSTEMS,  TRAINING 

DEVICES*,  (‘TRAINING  DEVICES),  BEHAVIOR,  DECISION 
making,  training,  learning,  education,  display 
SYSTEMS,  COMPUTERS,  MODELS  (SIMULATIONS!,  LANGUAGE, 

Game  Theory,  job  analysis,  automation,  design 
identif.ers:  sage 

the  report  describes  exploratory  developments  on 
LABORATORY  models  OF  automated  TRAINING  SUBSYSTEMS 
FOR  InPORMATION  SYSTEMS.  SUCH  SUBSYSTEMS  COULD 
PRO  V i oE  FUTURE  INFORMATION  S  Y  5  T  £  M5  WITH  THE 
capability  to  train  their  users  on-the  job,  the 
REPORT  OUTLINES  ON-GOING  STUQIE5  CONCERNED  *  I T H 

ill  the  unique  training  requirements  in  advanced 
INFORMATION  SYSTEMS!  (2)  ner  training  concepts 
and  techniques  to  meet  these  requirements:  and 

(3)  AN  ANALYTIC  TOOL  to  DESCRIBE  FUNCTIONAL  AND 
STRUCTURAL  overlap  OF  EQUIPMENT  required  por  both 
OPPRATIOnS  and  TRAINING.  (AUTHOR) 
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design  and  use  of  information  systems  for  automated 
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supplementary  note: 

descriptors:  (‘command  and  control  systems,  training 

DEVICES),  (.TRAINING  DEVICES,  TEACHING  MACHINES), 
BEHAVIOR,  HUMAN  ENGINEERING,  CODiNG,  PROGRAMMING 
(COMPUTERS),  DECISION  MAKING,  TRAINING,  LEARNING, 
EDUCATION,  COMPUTERS,  LANGUAGE,  AUTOMATION,  MOOELS 
( S I MULA  T  JONS )  ,  DESIGN  ( U ) 

identifiers:  sage  tu» 

THE  REPORT  ; S  CONCERNED  *1Th  HyMAN  ENGINEERING 
FACTORS  in  The  DESIGN  OF  INFORMATION  SYSTEMS,  in 
PARTICULAR  IT  is  ADDRESSED  TO  THE  DESIGN  OF  SELF- 
INSTRUCTIONAL  FEATURES  FOR  THESE  SYSTEMS.  IT 

describes  theories,  methodology,  and  design 

PRINCIPLES  for  IMPLEMENTATION  of  SELF- INSTRUCT f  ON A, 
FEATURES.  THE  DESIGN  PRINCIPLES  RErE  INDUCED  F*OM 
THE  E*PLOPaTOPY  RESEARCH  ON  LAbORaTuRY  MODELS  of 

information  systems  ahicm  is  reported  in  volume  i 
or  this  series  iaD-602  uri  > ,  from  studies  on 

CURRENT  INFORMATION  5YSTEMS,  AND  FRuM  a  LITERATURE 
REV  I E  A •  The  OPERATIONAL  CONCEPTS  UNDERLYING  ThE 
STUDY  are  stated,  and  AN  EQUIPMENT  DE5IGN  PHlLOSOPHY 
IS  PROPOSED  TO  COMPLEMENT  THIS  OPERATIONAL  CONCEPT. 
(AUThOR)  ( U ) 
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SUPPLEMfNTaRT  note:  T  A  Q  C  T  h  £  R  STUDIES  PERFORMED  UNDER  TwIS 

CONTRACT  aRE  1303-2  AND  1303-3,  D  A T  £  D  1!  JUN  6  R  . 

descriptors:  <  •  r  e  c  a  l  l  .  performance  tests),  (’Decision 

MAKING,  RECALL),  PERFORMANCE  (HUMAN)  ,  STRESS 
(•PSYCHOLOGY),  VISION,  AFTER-IMAGES,  memory,  CHARACTER 
RECOGNITION,  RETENTION,  LEARNING,  AUDITORY  SIGNALS, 

VISUAL  SIGNALS,  RaOAR  operators,  systems  engineering, 
*E*PON  SYSTEMS,  psTChOPhYSIClOgt  ,  p S V C m 0  me t R  I  C S  C  U ) 

identifiers:  rehearsal,  man-machine  systems  <ui 

as  Part  of  a  program  of  study  directed  to  improving 

human  d  a  T  A  RECEPTION,  PROCESSING  A\D  STORAGE,  TmIS 

activity  sponsored  experimental  research  tc 
investigate  three  variables:  -he  strategies 

EMPLOYED  sv  HUHAN  subjects:  The  ORGANIZATION  OF  The 

information  b r  * n g  communicated:  and  the 
CHARACTERISTICS  of  the  DISPLAY  IT^ElF,  ThIs  REPORT 
OEALS  *  I  T  h  The  h  l  M  a  N  OPERATION  OE  REHEARSING  B  R  I  E  F  c T - 

PERCEIVED  alpha -numeric  material,  the  RESULTS 

SUPPORT  the  CONCLUSION  ThjT,  under  CERT* ’,N  CONDITIONS 

of  task  stress,  appropriate  rehearsal  can  improve 

THAT  HUMAN  PERFORMANCE  A  h  |  c  h  IS  a  rjNCTlON  OF 

shortterm  memory  and,  thus,  in  a  man-m*chine 
RELATIONSHIP,  improve  system  performance. 

SUGGESTED  examples  are  viIVEN  of  The  application  of 
THE  FINDINGS  AIThIN  a  military  CONTEXT,  E . G *  ,  RADAR- 
SCOPE  MONITORING  AITrtlN  a  COMbaT  INFORMATION 
CENTER  !  c  I  C  )  •  ( u ! 
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supplementary  note: 

DESCRIPTORS!  < *  n U *  A  N  ENGINEERING.  D l S  P  L  A  T  SYSTEMS) 

(•DISPLAY  SYSTEM'S,  HWMAN  ENGINEERING),  CHARACTER 

Recognition,  reaction  ipsychOlOgy),  reflexes, 
performance  tests,  monitors,  analtsis  of  variance, 
COMMUNICATION  ST  stems,  control  systems,  0 ' g I t  a  l 
SYSTEMS.  ViSu*L  SIGNALS  IU) 

This  REPORT  DESCRIBES  an  evaluation  OF  SiA  !N-L1N£ 

self  Illuminated  digital  Displays,  based  on 

READABILITY,  T - £  EVA:. J  at: DU  COVERS  A  RANGE  OF  j  j  7 

VISAING  CONDITIONS  OR  The  displays,  the  Number  of 
CORRECT  RESPONSES  That  FOu®  OBSERVERS  hade  tO  each 
D  I  SPLAY  *  A  s  SuBulCtED  to  an  analysis  CF  VARIANCE  A.,  D 

tests  of  significance,  the  contusion  of  t.he 

EAPERlMtNT  A  A  S  That  a  character  PROJECTION  DEVICE  AtS 

superior  1 o  the  ot>ir  displays  o * l r  ale  viewing 

CONDITIONS,  T  a  x.  £  n  AS  A  a  h  C  l  E  »  t  a  „■  1  m  o  R  )  (U) 
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ARTIFICIAL  INTELLIGENCE.  CYBERNETICS,  COMMUNICATION 
theory,  information  retrieval,  probability, 
mathematical  logic  ( o ; 

the  topics  discussed  in  this  paper  aRe  (!)  the 

INFORMATION  SCIENCES,  (2)  INTERROGATING  A  DIGITAL 
COMPUTER,  (3)  DATA  RETRIEVAL  SYSTEMS,  AND  ( R! 
CYBERNETICS,  MEANING,  and  COMPREHENS  I  ON  ,  (U) 
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descriptors:  (•scientific  personnel,  performance 

(HUMAN!),  (‘INFORMATION  RETRIEVAL,  SCIENTIFIC 
PERSONNEL),  HUMAN  ENGINEERING,  SUPERVISORY  PERSONN£L, 
SYMPOSIA,  INTELLIGENCE  TESTS,  LEARNING,  MEMORY, 
REASONING,  INDUSTRIAL  PSYCHOLOGY  (U) 

identifiers:  creative  thinking  <u> 

in  this  paper  the  problem  of  studying  xhat 

CONSTITUTES  EFFECTIVENESS  AND  CREATIVITY  in  a 
SCIENTIST  is  DISCUSSED.  THE  *  A  Y  Th£  SCIENTIST 
RECEIVES  AND  HANDLES  INFORMATION,  THE  INTELLECTUAL 
CLIMATE  IN  KHICH  HE  RCRK5,  ANp  THE  NATURE  OF  THE 
INFORMATION  RECEIVED  BT  HIM  ARE  ALL  EXAMINED  IN  T  Hf  I R 
BEARING  ON  THE  CREATIVE  PROCESS.  (U} 
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descriptors:  (‘COMPUTER  personnel,  memory), 

(•COMPUTER  storage  DEVICES,  HUMAN  ENGINEERING), 
DECISION  MAKING,  COMPUTERS,  INFORMATION  RETRiEVaL, 
data  processing  systems,  data  storage  systems, 
communication  theory,  learning 
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the  REPORT  ASSUMES  that  AN  OPERATOR'S  CONSOLE 
constitutes  a  third  form  of  memory  in  addition  to 
that  integral  to  the  human  and  that  integral  to  the 
machine  WHICH  IS  not  DIRECTLY  accessible  to  the 
human,  QUESTIONS  are  raised  concerning  THE 
CHARACTERISTIC  mooes  OF  human  storage  ANO  RETRIEVAL 
of  information  from  internal  memory  when  such 
EXTERNAL  memory  accessible,  the  REPORT  ALSO 
INTRODUCES  The  CONCEPT  OF  ASSOCIATIVE  MEMORY  NETS 
FORMED  by  CUFP£|  a  T  E  0  images  OF  EXTERNAL  EVENTS,  a 
LIST  PROCESSING  EXPERIMENT  IS  DESCRIBED.  STORAGE 

structures  characterizing  internal  human  memory  AND 
e  eRnal  console  memory  in  thjs  task  are  postulated. 

A  RETRIEVAL  MODE  implied  by  THESE  STURCTURES  is 
CONSTRUCTED  TO  ACCOUNT  FOR  The  EFFECTS  of  computation 
and  learning  upon  the  features  of  the  experimentally 

obtained  CURVES.  INSUFFICIENT  RETRIEVAL  of 

required  Information  from  internal  memory  is  assumed 

TO  NECESSITATE  EXTERNAL  memory  SEARCH,  the  EFFECT 
OF  COMPUTATION  IS  to  INCREASE  The  PROBABILITY  OF 
INSUFFICIENT  RETRIEVAL  and  hence  THE  FREQUENCY  of 

external  search,  learning  decreases  this 
probability,  the  effects  of  inducing  alternate 
forms  of  internal  storage  are  studied  and  FOUND 
generally  to  result  IN  increased  storage  and 
retrieval  times,  implications  for  console  design 
are  discussed,,  (author) 
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Retrieval,  mathematical  models,  learning,  group 
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identifiers:  problem  solving,  prediction,  creative 
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THE  PROBLEM  OF  FORECASTING  TECHNOLOGICAL  CHANGE  IS 

investigated,  machines  and  computer  programs 

HAVING  ‘PROBLEM  SOLVING*  CAPABILITIES  ARE  EXAMINED  TO 
DETERMINE  THEIR  USEFULNESS  IN  AIDING  OR  REPLACING  T  HE 
HUM*N  FORECASTER,  The  LITERATURE  ON  human  PROBLEM 
SOLVING  W AS  ALSO  REVIEWED.  THE  FOLLOWING 
CONCLUSIONS  WERE  REACHED:  U*  THE  NATURE  OF  THE 
forecasting  problem  precludes  THE  USE  OF  COMPUTER- 
TYPE  problem  solver  developed  to  date,  and  ( 2 > 
the  application  of  information  science  techniques, 
namely:  descriptors  representing  technological 

CONCEPTS,  THE  FORCES  ACTING  to  CHANGE  the  TrCHN0L0fiY 
AND  T mil  lA*5  GOVERNING  THE  CHANGE,  APPEAR  TO  OF^ER 
the  MOST  PROMISE  IN  ASSISTING  THE  HUMAN  FORECASTER. 
ACCORDINGLY,  A  QU  A  S  I  M  A  THE  M  A  T  I  C  A  L  M00t'.L  WAS 
DEVELOPED  USING  MATRIX  NOTATION  TO  DESCRIBE  A 
TECHNOLOGY,  an  EXAMPLE  OF  A  FORECAST  Of  COMPUTER 
technology  made  several  years  ago  is  ucluded. 

(AUTHOR)  « u  > 
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TRAINING  DEVICES),  DESIGN,  AUTOMATION, 

teaching  machines,  computers,  behavior,  g  a  *  e 
theory,  performance < human ) ,  performance  tests, 

DISPLAY  SYSTEMS,  CONTROL  PANELS  ,  ERRORS, 

DECISION  MAKING,  HUMAN  ENGINEERING,  AIR  FORCE 
PERSONNEL  , 
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SYSTEMS  { 

THE  Report  describes  three  experiments  in  which 
NOVEL  TEACHING  CONCEPTS  here  DEMONSTRATED"  THESE 
CONCEPTS  had  BEEN  PROPOSED  in  PREVIOUS  REPORTS  3 U ? 
THEIR  EFFECTIVENESS  REMAINED  TO  BE  VERIFIED 
EXPERIMENTALLY.  THE  RESULTS  WERE:  (J)  A 
TEACHING  PROGRAM  ORDERED  ACCORDING  TO  THE  DISCOVERY 
PRINCIPLE  SIGNIFICANTLY  REDUCED  ERRORS  AND 

performance  time  over  that  observed  after  training 

with  4  CONVENTIONAL  TRAINING  MANUAL.  12)  SLIDES 

PROJECTED  DIRECTLY  onto  a  control  c  0  n  5  0  l  r ,  together 
with  a  TAPED  LECTURE,  WERE  FOUND  TO  BE  AN  EFFECTIVE 
METHOD  of  PRESENTING  an  AUTOMATED  TRAINING  PROGRAM, 
13)  GRAPHICAL  LOGICAL  FLO#  DIAGRAMS  WERE  FOUND  TO 
BE  efficient  instructions  F.jR  teaching  procedures  for 
performing  a  query ing-R£a,,cning  Task,  it  was 
concluded  that  these  concepts  should  be  exploited  <  n 
TRAINING  programs  FOR  OPERATORS  of  air  force 
INFORMATION  SYSTEMS.  (AUTHOR)  , 
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the  report  DESCRIBES  the  RESULTS  AND  CONCLUSIONS  Or 
A  STUDY  WHICH  WAS  DIRECTED  AT  THE  DEVELOPMENT  OF 
PRINCIPLES  FOR  ThE.  DESIGN  OF  AUTOMATED  INSTRUCTIONAL 
SUBSYSTEMS  FOR  INFORMATION  SYSTEMS.  A  SERIES 
OF  FOUR  TECHNICAL  DOCUMENTARY  REPORTS  HAVE  BEEN 
ISSUED  WHICH  DESCRIBE  IN  DETAIL  ThF  ACTIVITIES  AND 
results  of  each  aspect  of  the  study,  this  report 

BRINGS  TOGETHER  AND  SUMMARIZES  THE  RESULTS  REPQRTF-, 

IN  THE  INDIVIDUAL  DOCUMENTS,  AND  INCLUDES  ADDITIONAL 
ITEMS  *HICH  DID  NOT  WARRANT  SEPARATE  DOCUMENTATION, 
(AUTHOR) 
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DEVELOP  A  GRAPHICAL  symbology  and  LOGIC  DIAGRAMING 
technique  for  use  as  a  training  aid.  this  work  is 

ADDRESSED  TO  The  NEED  FOR  a  LANGUAGE  WHICH  OEScK  I BE5 
the  logical  Relationships  among  Task  components  and 
the  INTERACTIONS  BETWEEN  MAN  and  m  a  c  h i n  f  in  advanced 
computer-based  information  systems,  symsols  and  a 
LOGIC  DIAGRAMING  TECHNIQUE  WERE  DEVELOPED  AND  REFINED 
by  UTILIZATION  with  several  different  types  of  tasks, 
THIS  ^LANGUAGE'  HAS  BEEN  FOUND  TO  BE  USEFUL  FOR  THE 
FOLLOWING  PURPOSES:  (A)  To  SUPPLEMENT  WRITTEN 
INSTRUCTION  MANUALS,  (B)  AS  an  INSTRUCTIONAL  TOOL 
WITHOUT  TEXT,  and  ( C )  AS  A  PERFORMANCE  AID  WhEN 
DISPLAYED  DIRECTLY  ON  AN  OPERATIONAL  console,  a 
STEP-bY-StE°  METHODOLOGr  for  CONSTRUCTING  LOGIC  FLOW 
DIAGRAMS  IS  PRESENTED,  AND  APPLICATIONS  ARE 
DISCUSSED. (AUTHOR)  (U) 


68 


UNClASS  f F  JED 


UNCLASS  I F I  ED 


DOC  REPORT  BIBLIOGRaPht  SEARCH  CONTROL  NO,  ZC09A3 
AO-623  619 

aerospace  medical  research  labs  KRIGHT-PATTERSON  AfB 

OH  1  o 

APPLICATION  OP  BEHAVIORAL  SCIENCE  to  PERFORMANCE  aid 
DEVELOPMENT.  (UJ 

DESCRIPTIVE  NOTE:  STaTE-OF-THE-aRT  rept,, 

AUG  6  S  2  0  P  TOPMILLER.COnALO  A.  I 

REPT  »  NO.  AMRL-TR-65- 1 96 
PROj:  7189 

task:  718906 

UNCLASSIFIED  REPORT 

supplementary  note: 
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ENGINEERING),  NUMBERS,  MAINTENANCE, 

maintainability,  malfunctions,  air  force 
equipment,  specifications,  systems  engineering, 
checkout  PROCEDURES,  simulation,  design  tU> 

four  classes  of  VARIABLES  relevant  to  BEHAVIORAL 
RESEARCH  on  the  development  OF  PERFORMANCE  aids 
(  technical  orders.  MAINTENANCE  MANUALS,  ETC.)  ARE 
outlined:  <a)  legibility  and  format 
variables:  (8)  variables  associated  *  i  t  h 
PROCESSING  printed  NUMERIC  INFORMATION! 

(Cl  VARIABLES  ASSOCIATED  with  the  PHYSICAL 
CONFIGURATION  OF  PERFORMANCE  AjDSt  AND,  (D) 

V  A  R  I  A  P  1  S  ASSOCIATED  #!Th  TROUBLESHOOTING 
INFORK  I0NAL  PROCESSING  AND  DISPLAY  SYSTEMS. 

EACH  OF  These  T  0  P I C  5  IS  DJ5CU5SED  WITHI*  A 
HISTORICAL  FRAME60RK,  *[Th  SUPPORTING  EMPIRICAL 
RESEARCH.  SOME  PREDICTIONS  ARE  MADE  FOR  FUTURE 
TRENDS  in  PERFORMANCE- a  id  behavioral  STUDIES. 
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identifiers:  gpos  project,  l.ucid  language  <ui 

human  ENGINEERING  CONSIDERATIONS  and  PLANS  FOR  Yh: 

STUDY  and  EVALUATION  of  The  GPDS/LUCID  system  are 
DISCUSSED,  specific  project  goals  are:  (I!  TO 

DETERMINE  HOA  well  THE  CURRENT  SYSTEMS  match  USERS' 
NEEDS,  AND  (2)  TO  MAKE  R E C o MM  £  NO  A T I  0 N S  FOR 
IMPROVING  The  SYSTEM  Ah£RE  TH£$E  NEEDS  aRE  NOT  MET, 

AN  UlTI.aTE  PROJECT  GOAL  AlLL  PE  TO  DETERMINE  HUMAN 
ENGINEET  NG  DESIGN  PRINCIPLES  USEFUL  FOR  The 
DEVELOP*  it  OF  USEP-OR  IENTEO  ,  ON-LINE  INFORMATION 
PROCESSING  SYSTEMS  IN  GENERAL.  PROJECT 
INVESTIGATION  AILL  EXAMINE  The  GPDS/LUCID  SYSTEMS 
FROM  The  POINT  OF  VIE*  OF  A  USER  AHO  IS  essentially 
UNSOPHISTICATED  in  COMPUTER  programming. 
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descriptors:  <«data  processing  systems,  HUMAN 

ENGINEERING),  1 • h  u  M  A  N  ENGINEERING,  WEAPON 
SYSTEMS),  (‘SPACE  FLIGHT,  5vSTemS  E N G 1 NE £ R  I  N G  )  , 

(•AIR  FORCE,  SYSTEMS  ENGINEERING),  MANAGEMENT 
engineering,  personnel  management,  decision 

MAKING,  AUTOMATION,  INFORMATION  RETRIEVAL, 

SUPERVISORY  PERSONNEL,  COMPUTERS,  DATA  STORAGE 
SYSTEMS,  PERFORMANCES  U  MAN),  GROUND  SUPPORT 

EQUIPMENT  (U) 

TMt  CHARACTERISTICS  OF  a  Cu^PuTER  based  Data  SYST£h 
FOR  HANDLING  human  FACTORS  T  a  S  <  INFORMATION  GENERATED 
IN  SUPPORT  OF  ADv'ANCEO  SYSTEM  DEVELOPMENT  ARE 
DESCRIBED.  ON  The  BASIS  OF  INFORMATION  GATHERED 
FROM.  USERS  AND  GENERATORS  OF  DaTa  aT  REPRESENT  a Tlv^ 
GOVERNMENT  and  CONTRACTOR  INSTALLATIONS,  T  H  t 
CURRENT  and  potential  uses  of  COMPUTERS  WERE  ASSESSED 
TO  DETERMINE  The  desirable  CHARACTERISTICS  FOR  a 
COMPUTERIZED  human  factors  TaSa  Data  handling  S  T  S  t  £  m , 
The  PROPOSED  data  HANDLING  SYSTEM  W I  LI  ASSIST  ThE 
human  factors  sptciALisT  and  system  design  engineers 
In  the  DESIGN  And  development  of  SYSTEMS  BY  PROV’.InG 
Them  a  l  t  m  m  t.  a  n  S  e  OR  ;  (!)  d°**InG  Them  CLOSfR  To 

the  data  TnSCuGh  a  USER-ORIENTED  SYSTEM,  121 
COMPARING  Data  GENERATED  throughout  the  LiFE-CYCL^  of 
AN  ADVANCED  SYSTEM  and  ACROSS  SYSTEMS,  ;J) 

analyzing  OaTa  and  conducting  man-mach|NE 
SIMU  ATI c NS,  AND  ( M )  INSURING  thAT  OATa  ARE  MADE 
AVAlLABuE  on  a  selective  query  and  a  T|HEL*  BASIS, 
these  objectives  are  met  riThjN  the  framework  of  a 
OaTa  5  T  S  T  l  m  CONCEPT  REFERRED  To  as  CENTRAL.  The 
FUNCTIONS  OF  CENTRA,.  A  R  t  1  (1)  DATA  STORAGE  *N0 

retrieval,  i 2  j  Data  PROCESSING,  *3)  COMPOTE* 

PROGRAM  MAINTENANCE,  AND  ( M )  SrST£M  OPERATIONAL 

manual  maintenance.  (AUTHOR)  (U) 
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•HUMAN  ENGINEERING),  CaTa  PROCESSING  SYSTEMS, 

OISPlay  SYSTEMS,  m,LITARY  REQUIREMENTS,  military 

tactics,  computers,  information  retrieval  an 

the  report  describes  the  scope,  rationale, 

ORGANIZATION,  AND  PROGRESS  op  a  command  SYSTEMS 
RESEARCH  PROGRAM  to  PRO.-  IDE  human  factors  information 
NEEDta  FOR  PERFORMANCE  W  I  t  „  |  n  C  0  *  o  L  £  *  automated 
JNPORMATION  PROCESSING  systems,  FOLLOWING  A  SURVEY 
OF  MILITARY  INFORMATION  PROCESSING  E  j  j  I  P  u  E  N  T  And 

OPERATIONS  AND  Future  Plans  r  C  R  command  information 
processing  systems,  basic  m u m a n  factors  problems  were 

identified  -NO  ORGANIZED  arc -no  Five  critical 
OP£RATIOnS--SCREEn!NG  incoming  Da’a,  transforming  R  a  W 
C  A  T  a  rOR  INPUT  into  STORAGE  DEVICES,  I  n  p  l  T  , 

ASSIMILATION  OF  DISPLAYED  INFORMATION  ,  AND  DECISION¬ 
MAKING.  A  RESEARCH  program  was  formulated  AND 
STuOIfS  undertaken-  to  yield  empirical  information 
ABOUT  The  EFFECTS  On  HUMAN  PrRrOR-ANCt  OF  (!) 
CH*RactERI3t!C5  of  The  INFORMATION  pR£S£NtEO 
( C  E  N  S ! T  r  ,  AMOUNT  ,  F  T  c  .  »  :  (2)  ; *  s  »  “  I  C  ASPECTS  OF 

IN  FOR-:  AT  [ON  (Typf,  EXTENT,  CODING  Dr  UPDATES),' 

(3,  o  !  SPLAT  MOOES  and  SENSORt  “00  a  L  i  t  I  E  n  (  GROUP 
V5  i  DIVIDUAL  displays,  m  l  L  t I  S  E  n  $  c  R  y  DISPLAYS  > :  and 
(  **  )  COMPUTER  AIDS  TO  r>‘E  DECISION  PROCESS.  * 

COMMAND  systems  laboratory  Was  DEVELOPED  t0 
permit  s i “ ■  l a t i o n  of  various  res  functions, 
findings  -A ve  suggested  thf  sos5ip!lity  or 

REDUCTION  IN  STORAGE  C  A  A  C  I  T  v  R  E  S  u  !  R  E  «  E  N  y  S  ,  N  u  «  e  E  I  OF 
DISPLAYS  CAvuED  from  5  T  OR  a  G  E  DURING  A  GIVEN 
OPERATIONAL  T,.-e  PERIOD,  and  t!“E  REQUIRED  for  the 
total  I  N F  3  R  •  A  T  •  0  N  AS5!“'l*t ION-DECISIOn  PROCESS  and 
sl-ppcrTfo  tmf  incorporation  and  use  of  information 

CONSPlCuI ty  CODING  CAPABILITIES  in  command  SYSTEMS. 
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RESEARCH  I  nf  0°“  a  T  ;  Or.  us  the  E,  PEcT  I  VENESS  Op 

CURRENT  and  FUTURE  CC-.MmN.  INFORMATION  processing 
SYSTEMS  may  be  m  a  i  !  M  ’  2  E  w  ,  PURSUING  ITS  OBJECTIVE 

THROUGH  I  N  "  E  n  3  ’■  ,  t  M  Mr  <”  .  H  ■  \  T  ..  •  ;  ON  [  N  SPECIFIC  ARMY 

MAN-MACHINE  C-‘‘°-.:.  AfG  ,  -U  r>P£SENT  PUBLICATION 
DESCRIBES  The  SCOPE.  R«  lON-Ai.e.  .  AND  ORGANIZATION  Or  A 
RESEARCH  PROGRAM  tO  t RO  ; or  ~h*T  INFORMATION  to 
DESIGNERS,  DEVE^OpERS  a  ■  _  -S.R3.  Th£  P  R  0  G  R  *  M 

REPRESENTS  a  C  0  h  u  1 1.  - J  I  APPROACH  TO  RESEARCH 
CONCERNED  A I  t  h  .■  CCm  and  INFORMATION 

PROCESSING  SYSTeiS,  ha.,  ,0  ROM  DETAILED  STUDIES  0F 
DISCRETE  human  FDiC'ONi  t  e  gration  OF  sizable 

highly  automated  ■_  OmPD' Cw  .  z:,>  SYSTFHS.  Task  effort 

FOR  THE  PRESENT  a,,c  In  V.  MMCDJaTE  FUTURE  #lLl  Be 
CONCENTRATED  ON  j”  :!r>  .'I.A.’NG  *JTh  INFORMATION 
ASSIMILATION  AND  iuu!  )  U  I  N  ,  .  T  H  E  REPORT 
DELINEATES  A  SERIL-'  ,r  -J-iiES  IN  PRuGRESS  OR 
PROJECTED  On  N!n.  m4:or  .S-TC7S  OF  THESE  FUNCTIONS; 

(1)  AMOUNT  *nO  Deny!  .  <  11  t  i*  J  A  a  T  I  0  N  I  (2) 

SPECIFICITY  OF  I  v  F  0  R  •  a  ’  J';  ,3)  ALPHA-NUMERIC 

AND  SYMBOLIC  PRES  ENT  AT  J  j  <  *,  '  TYPE,  EXTENT,  AND 
RATE  OP  INFORMATION  J.’D,T.Nu‘  ,  c,  ,  CODING  OF 
UPDATED  INFORM*:  i J  n  a  N j  h a  I )  C JaY I  (6)  SEQUENCE 

of  information  pres  lma  'io,,  1  y  >  individual  and 

GROUP  WORK  METHODS  A  rj  0  I  S  '  _ A Y 3 ;  (8)  VISUAL  AND 

aUDITORY  displays;  (  r  :  >)h“u'’ER -  AIDED 
PERFORMANCE.  RESEARCH  ro  B.:  accomplished  In 

remaining  subtasks  c oncer  re o  with  problems  in  the 
INFORMATION  PREPARATION  AND  SYSTEM  INTEGRATION  A&E*S 
IS  MORE  GENERALLY  O  I  S  c  u  5  s  ;•  0  .  (  AUTHOR)  (I 
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INVENTION  AND  01 5COVERY  .  A  PROGRAMMATIC  ROUTE  IS 
PROPOSED  FOR  DEVELOPMENT.  THE  FIRST  STaGE  IN  THIS 
ROUTE  IS  AN  ANALYTIC  ENUMERATION  OF  HUMAN  A®ILITJ£, 
and  liabilities  A S  A  problem-solving  MECHANISM. 

THE  SECONO  STAGE  *Il.L  DEAL  #lTrt  AN  ANALYSIS  OF 

human  information-handling  tasks.  These  two  stages 
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5AME  TIME  OPTIONS  FOR  DESIGNING  THE  MAN-MACHINE 
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COMBINED  *HH  LOGICAL  AND  EXTRAORDINARY  DISPLAY 
CAPABILITIES.  ThE  PRINCIPAL  DESIGN  ISSUES  *ILL  BE 
REVEALED  AS  INDEXING  C 0 N i £ N T  AND  STRUCTURE  ANO 
0  I  SPl  A  T  SYMBOLOGIES,  AN  IMPORTANT  UNO 
NEGLECTED)  DIMENSION  IN  SYSTEM  DESIGN  IS  THE 
HUMAN'S  ABILITY  TO  LEARN  AND  TH!NK  IN  NE*  LANGUAGE* 
AND  SYMBOLOGIES.  UUThOR) 


77 


Y  DATA 

«U) 


(U) 


(U) 


UNCLASSIFIED 


UNCLASS  I r I  ED 


DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  IcORA.I 

AD-M7  092  S/10  i2/l  9/2 

MICHIGAN  UN  I  V  ANN  AR30R  INST  OP  SCIENCE  AND 
TECHNOLOGY 

NONCOnSERVaTIVE  PROBABILISTIC  i npormat ion  processing 
SYSTEMS,  (U) 

DESCRIPTIVE  note:  pinal  technical  DOCUMENTARY  KEPT.,  SEP 
63-APR  66, 

DlC  66  95P  EDWARDS  .WARD  ? 

REPT.  NO*  5093-22-F 

contract:  AP  1ru2b>-2823 
PROJI  aT-2306 
monitorj  esd  tr-66-ror 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  note:  SEE  Also  AD-6R6  1 0 1  • 
descriptors:  (-DATA  PROCESSING  SYSTEMS, 

PROBABILITY),  (•DECISION!  MAKING,  DATA 
PROCESSING  SYSTEMS),  HUMAN  ENGINEERING,  DECISION 

theory,  experimental  data,  game  theory, 

PSYCHOMETRICS,  design 
identifiers:  bayes*  theorem 

the  report  is  concerned  with  two  large-scale 
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RESEARCH  LEADING  to  t  h  E  application  OF  COMPUTER 
software  techniques  fur  haw,).. ing  human  Factors  tas* 
O-Ta  GENERATED  In  Support  ,i,c  aerospace  System 
development  programs  : s  u i  s c  j s s e d .  it  is 
RECOGNIZED  That  qaTa  handling  TECHNIQUES  must  8E 
DEVElOPEO  in  CONTEXI  A i T H  Tml’R  Total  OPERATIVE 
environment,  a  concept  Of  »N  0,'lRaMunal  Data 
management  biSTf-  lor  :  t:r.n-,  processing,  and 

RETRIEVING  human  'Ac  TOR  .■>  To*  data  in  a  GOVERNMENT/ 
CONTRACTOR  ENVIRONMENT  ;  >  0  ’  .>  c  U  s  s  E  D  AND  ILLUSTRATED. 

this  concept  is  predicated  v  the  assumption  that  a 
USER -oriented  COMPUTE  R  ’  :-_o  UaT,  system  #ILL  HElp  dPa» 
human  pactors  special isTo  wo s f r  to  their  data, 
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the  paper  reviews  the  major  aspects  of  human 

LEARNING,  AND  DISCUSSES  SEVERAL  LEARNING  MECHANISMS 
AND  SOME  OF  The  design  PRINCIPLES  FOR  LEARNING 
SYSTEMS.  A  COMPARISON  is  MAOE  BETWEEN  human 
LEARNING  and  MACHINE  LEARNING.  SOME  ASPECTS  of 
HUMAN  LEARNING  are  CONSIDERED  IN  the  design  of 
learning  system,  for  the  purpose  of  engineering 
DESIGN,  LEARNING  IS  REFERRED  TO  AS  The  ACQUISITION  OF 

skill  tq  perform  meaningful  Self-modification  and  to 
improve  performance  ON  The  basis  of  Past  EXPERIENCE. 
the  three  basic  learning  mechanisms  are  learning  by 

ROTe  (  Z E RO Th -OR OE R  LEARNING),  LEARNING  8Y 
SELECTIVE  REINFORCEMENT  (FIRST-ORoER  LEARNING), 

and  learning  by  generalization  (Second-order 

LEARNING).  ThF  STORAGE  ANC  RETRIEVAL  OF  PAST 
DATA  *Nq  Info "mat  JON  PATt^-n  in  a  DIGITa^  COMPUTER, 
the  regard  and  punishment  scheme,  and  the  statistical 
inference  and  bayesian  decision  process  are 
considered  as  the  engineering  counterparts  of  these 
LEARNING  mechanisms.  The  foundations  for  The 
DESIGN  OF  learning  S  y  5  t  £  m  5  a*E  Threshold  logic, 
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UNCLASSIFIED  REPORT 

Supplementary  note:  r^pt.  on  n  e  a  scwwTicns  to 
implementing  instructional  m  £  o  |  a  TmROuGm  a  n  a  l  *  5  i  S 
and  simulation  of  school  organization,  see  also 

A  D “ R  2  7  7  S  2  i  *0-4  36  528,  *0-6/2  663,  P 3  -  1  6  7  67S, 

p 8  - i 6  9  C43. 

DESCRIPTORS:  (•education,  *  teaching  M  A  C  h  I  N  E  S  )  , 

( •°RoGr*mmfq  Instruction,  ANALYSIS),  Computers. 

STUDENTS ,  mODElS(S;muwat;cnS) , 

PROGRAMMING  (COMPUTERS),  0  a  T  *  PROCESSING  S^y^S, 

automation,  scheduling,  simulation,  learning, 
systems  ENGINEERING  ( U  ) 

identifiers:  SCHOOLS,  5  v  S  t  £  m  s  analysis,  E  0  S  !  m  IU) 

t«e  m  4  j o  r  findings  :  n  c  l  -  d  e  t  -  e  ioent*fication  of 

TRO  *  a  y  5  FOR  USING  S  y  S  t  £  *•  A'.Al’SIS  IN  C;,uC*r|ON,  The 

specific  a ’ion  of  pr:ceo~rf$  r^R  c:no-ct:ng  analyses 
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Supplementary  note: 

descriptors:  (^programmed  instruction,  ‘Electrical 

engineering;,  computers,  learning,  students, 
effectiveness,  teaching  m £ r h c o s ,  training, 

PERFORMaNCE(m,maN),  CIRCUITS,  EFFECTIVENESS, 
teaching  machines  i 

identifiers:  p l a t c  teaching  System  ( 

TAD  types  OF  programmes  INSTRUCTION  SEJuENCtS 
(  I N  a  U I R  Y  AND  T - T  u  R I  A  L  I  # ERE  USED  ON  TH£  p  l  A  T  0 
SYSTE“  TO  TEACh  ;^ECTRICa^  nETaORa  ANALYSIS  (EE 
322,  u  N  I  v  E  R  5  I  T  »  I wl l NO  I S I •  T  A  0  G  R C  u  P S  OF 

STUDE  f  S  *  £  R  E  S  E  E  C  T  0  u  t  -•  uSE  EACH  OF  Th£  t*o  ty»[{ 
lF  S'RuCTlcs.  80 1  m  OF  T  h  £  INSTRUCTION  5E3uENC.ES 
AERf  to  PROVIDE  t  m  E  Si“r.  performance  OBJECTIVES. 

The  REPORT  DESCRIBES  T-e  DESIGN  and  \i  S  E  C  F  T  h  £ 
Instruction  on  t-e  p  l a  t d  teaching  s  T  s  T£  «  a%0 

S  L  M  M  A  x  I  :  E  S  The  performance  of  The  S  T  u  0  E  •»  T  S  A!TM 
R  E  s  =  E  C  T  TO  rM>  T  A  0  Mr  TmODS  D  r  TEACHING,  T  m t  S  T  u C  Y 
I  N  u  I  C  *  ' E  0  T  m  a  T  T«£  0  :  S  i  R  £ :  PERFORMANCE  08j£mTI»£S 

*  E  R  E  08T A  !  NED  S A T j SF * C T DR J L Y  is  8 0 r  CaSES, 

*  L  T  M  ;  I G  H  is  CERTAIN  aspects  tm£  I  3  u i  y  U  a  C  m  I  N  G 

PROGRAM  £  A  ;  b  !  T  £  d  S  0  m  £  a  0  v  A  N  T  A  G  L  S  a  T  £  a  C  h  I  n  G 
*“I>  OOu-D  ayaIlAoLE  all  0-f  ,  «  f  r  a  C  I  t.  I  t  I  £  S 

CCNTa  'NED  IN  T  vg  P  R  r  SENT  P  P  C>  m  R  A  M  S  *  C  U  L  0  0  t  M  0  H  £ 

D  E  S  I  R  A  d  t  E  .  ;  a  •„  T  r-  :  R  )  , 
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PROjSct  SOcRaTeS;  a  FLEXIBLE  RESEARCH  rAC!Li"  ■  10  g£ 
USED  IN  STUDIES  OF  PREPROGRAMED  Sf  L  F  -  I  NS  T  RL'c  T  I  ON 
( PS  I  !  AND  SELF-PRO GRAHED  INDIVIDUALIZED  EDUCATION 
<Sc!tj.  (U 

descriptive  note:  final  rept* 

SEP  66  3  JP  5YaLURG*-.LA*SENCE  M*  i 

contract:  NONR-3985 ( OR ) , 

PROj:  1 5R-239 » 


unclassified  report 
supplementary  note- 

descriptors:  (•PROGRAMMED  INSTRUCTION,  SCIENTIFIC 

RESEARCH) ,  !cEC  CATION,  SCIENTIFIC  RESEARCH;, 

(•TEACHING  MACH1NE5,  LEARNING!,  PSYCHClCG*, 

CYBERNETICS,  teaching  M£Y«CDS,  STUDENTS, 

COMPUTERS,  BIBLIOGRAPHIES  fU 

iOfcNT IF JERS :  SOCRATES  i  U 

THIS  IS  THE  FINAL  REPORT  OF  #0»K  ACCOMPLISHED  ON 
PROJECT  SOCRATES  (SYSTEM  FOR  ORGANIZING 
CONTENT  TO  REVIE*  AND  TEACH  EDUCATIONAL 

SUB'-CTS*.  THE  project  contributed  TO  THE 
DEVELOPMENT  and  OPERATION  of  A  COMPUTER-BASED 
FACILITY  FOR  PSYCHOLOGICAL  RESEARCH  ON  VARIABLES 
ASSOCIATED  WITH  PR E -PR 0 GR A M E D  SElF" INSTRUCT  ION  (PSSi 
and  Self-programed  jnoivualized  Education  ispiej. 

THE  RESEARCH  WAS  CONCERNED  SJTh  ThE  DEVELOPMENT  OF 

psychological  theory  and  research  pel  tinc,  to  the 

DESIGN  and  USE  of  a  COMPUTER-BASED  I  ns -RUCT  I  ONaL 
SYSTEh.  (AUTHOR;  (U 
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NAVAL  PERSONNEL  RESEARCH  ACTIVITY  San  DIEGO  CALir 

computerized  training  input  pl*n  for  nucleaR 

PCS  f!RP  LAST  OPERATORS,  t  W  ; 

DESCRIPTIVE  NOTE:  RESEARCH  R  E  P  *  , 

OUN  6  6  SMP  CONNER, RICHARD  D.  ICOLVJN.R, 

L  5  i 

R  £  P  T  ,  NOc  SRR-e<6-22, 

proj:  pfquoiorom, 

UNCLASSIFIED  REPORT 


SUPPLEMENTARY  note; 

descriptors:  ^programmed  INSTRUCTION,  NUCLEAR 

ENGINEERING),  ( ‘NUCLEAR  P  0  #  E  R  PLANTS, 

OPERATORS i PERSONNEL ))  .  NAVAL  PERSONNEL  1 

teaching  methods,  computers  <u> 

the  report  describes  the  development  and 
application  of  a  computerized  model  for  planning  a 
continuous,  sufficient  input  to  the  basic  nuclear 
ROPER  SCHOOL.  CLASS  C»  THE  NAVY  ENLISTED 
CLASSIFICATION  i\£C)  CODE  ASSIGNED  TO  PERSONNEL 

designated  for  This  school  is  99011  hence,  this  nc-,el 

IS  REFERRED  TO  AS  THE  9901  PLANNING  MODEL.  THIS 
model  considers  four  different  SOURCES  OF  student 
input,  and  their  associated  attrition  rates,  and 
PROGRAMS  The  PERSONNEL  into  The  SCHOOL  over  A  PERIOD 
OF  22  CALENDAR  QUARTERS  (66  MONTHS).  ThE  MODEL, 

6  h  1  C  h  AUTOMATES  ALL  ASPECT5  OF  THE  9  9U!  PLANNING 
PROCEDURES,  KILL  NOT  ONLY  RELIEVE  The  PRESENT 
COMPUTATIONAL  BURDEN  AND  ELIMINATE  CALCULATION 
ERRORS,  BUT  ALSO  PILL  PROVIDE  RESULTS  EARLIER  IN  V  hE 
planning  period,  thus  permitting  the  testing  qf  many 

MORE  POLICY  ALTERNATIVES  THAN  JS  P05SIBLE  UNDER 
CURRENT  .ROCEDURES.  (AUTHOR)  (U) 
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GENERAL  ELECTRIC  CO  SANTA  BARBARA  CALIF  TEMPO 
COMPUTES  AUGMENTED  LEARNING, 

NOV  *6  29P  KINDRED, J.  I 

KEPT,  No*  66TMP»S5 

unclassified  report 


descriptors:  (‘learning,  training  devices), 

(•TRAINING  DEVICES,  COMPUTERS),  (‘TEACHING 
MACHINES,  COMPUTERS  !  i  ( ‘PROGRAMMED  INSTRUCTION, 
LEARNING),  EDUCATION,  STUDENTS 

THE  REPORT  CONTAINS  A  DESCRIPTION  aND  SUMMARY  OF 
COMPUTER  AUGMENTED  LEARNING  DEVICES  AND  SYSTEMS. 

THE  DEVICES  ARE  OF  TWO  GENERAL  T  T  p  £  S  5  PROGRAMMED 
INSTRUCTION  SYSTEMS  BASED  ON  THE  TEACHING  MACHINES 
PIONEERED  BY  PRESSEY  AND  developed  bt  skinner, 

AND  ThE  SO-CALLED  'DOCILE*  SYSTEMS  THAT  PERMIT 
GREATER  USER-DIRECTION  WITH  ?HE  COMPUTER  UNDER 
STUDENT  CONTROL.  EVEN  SYMPATHETIC  CRITICISMS  BY 
PRACTITIONERS  lE'-'EAL  LIMITED  UNDERSTANDING  OF  ThE 
PSYCHOLOGY  OF  LEARNING  AND  KNOWING,  cXPOSE  PQTenTJ»L 
B,EST«ICT  JONS  TO  ADEQUATE  SELECt'ON  OF  COMPUTER  %B  A  ->  £  D 
CURRICULA,  AND  RECOGNIZE  TECHNICAL  HAZARDS  THAT 
IMPEDE  THE  DEVELOPMENT  OF  EFFECTIVE  COMPUTERIZED 
EDUCATIONAL  TOOLS,  (AUTHOR! 
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DOC  RE.  ORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  ZOO4**} 
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UNIVERSITY  OF  SOUTHERN  CALIFORNIA  LOS  ANGELES  QpPT  OF 
PSYCHOLOGY 

training  corrective  maintenance  performance  on 

ELECTRONIC  EQUIPMENT  with  CAl  TERMINALS!  I*  * 
FEASIBIlITYSTUOY.  (U) 

DESCRIPTIVE  NOTE;  TECHNICAL  REPT., 

OEC  66  9 1 P  R i GNE  Y , JOSEPH  W.  I 

REPTc  NO.  TR«5  1 
CONTRACT!  NONR-228I22) 

PROj:  NN-JS3-093 

UNCLASSIFIED  report 


descriptors:  (•programmed  instruction,  Electronic 

TECHNICIANS),  FEASIBILITY  STUDIES,  PROGRAMMING 
LANGUAGES,  COMPUTERS,  TESTS,  LFaRNING, 

performance ( human ) ,  electronic  equipment  <uj 

IDENTIFIERS!  COMPUTER-AIDED  INSTRUCTION  (U) 

A  REPORT  is  GIVEN  OF  A  FEASIBILITY  STUDY  IN  WHICH 
SEVERAL  POSSIBLE  RELATIONSHIPS  BETWEEN  STUDENT, 

computer  terminal,  and  electronic  equipment  were 

CONSIDERED.  THE  SIMPLEST  OF  THESE  CONFIGURATIONS 
WAS  SET  UP  AND  EXAMINED  IN  TERMS  OF  ITS  FEASIBILITY 
FOR  TEACHING  THE  PERFORMANCE  OF  FAULT  LOCALIZATION  ON 
A  NAVY  TRANSCEIVER.  AN  INSTRUCTIONAL  PROGRAM  WAS 
WRITTEN  IN  TiE  C  Q-J  R  S  E  W  R  I  T  E  R  ‘ANGUAGE.  THE 
PROGRAM  GUIDES  A  STUDENT  T>  JGH  A  FAULt  LOCALIZATION 

STRATEGY  DURING  several  practice  problems,  providing 
knowledge  of  results  and  remedial  instruction,  it 

THEN  RECORDS  KEY  STUDENT  RESPONSES  DURING  THE 
ADMINISTRATION  OF  TEST  PROBLEMS.  CONCLUSIONS  of  The 
STUDY  are:  (1)  SIMPLE  CAI  pP~a*AMMING 
LANGUAGES  CAN  BE  QUICKLY  'tARNED  BY  ELECTRONICS 
INSTRUCTORS  WHO  ARE  NOT  IRaINED  PROGRAMMERS t  THESE 
LANGUAGES  MUST  BE  SUPPLEMENTED  BY  MORE  POWERFUL 
LANGUAGES  IF  The  FULL  POTENTIAL  OF  CAI  FOR 
PERFORMANCE  TR«*\;nG  :s  TO  BE  REALIZED.  (2) 
COMPUTER-GUIDES  PRACTICE  IN  FOlOwING  TROUBLE- 
isolation  sequences  can  facilitate  effective 

TROUBLESHOOT  I NG  PERFORMANCE*  EvEN  A  FEW  HOURS  OF 
SUCH  PRACTICE  CAN  SHOW  INTERESTING  RESULTS.  (3) 

there  are  several  attractive  possibilities  for 
COMBINING  the  COMPUTER  terminal  with  ELECTRONIC 
EQUIPMENT  TO  PROVIDE  FOR  ON-LINE  SENSING  OF  STUDENT 
ACTIONS  on  The  EQUIPMENT,  T*n  MAJOR  APPROACHES 

eherge:  console-equipment  combinations  to  teach 
performance  on  spec,  i f  i c  equipment,  and  console- 
equipment  combinations  to  teach  general  I z a b e e  skills, 
SUCH  as  alignment  PROCEDURES  and  BRACKETING  LOGIC.  (U) 

99 

UNCLA5SIF  IED 


UNCLASSIFIED 
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RESEARCH  ANALYSIS  cORP  MCLEAN  ¥a 

programmed  instruction  and  teaching  machines  in  the 

FIELD  OF  MEDICAL  EDUCATION*  AN  ANNOTATED 

bibliography. 

descriptive  note;  technical  paper, 

NOV  kk  20 P  RE YNOLOS , LAURA  A.  I 

REPT.  Nc»  RAC-TP-235 

unclassified  report 


descriptors:  <*meoical  personnel,  education), 

(•MEDICINE.  ’PROGRAMMED  INSTRUCTION),  TEACHING 

machines,  teaching  methods,  abstracts, 

BIBLIOGRAPHIES,  COMPUTERS,  LEARNING  (U) 

THE  BIBLIOGRAPHY  CONTAINS  A  SELECTED  LIST  OF 
ARTICLES  AND  REPORTS,  WITH  ANNOTATIONS,  REGARDING 
PROGRAMMED  INSTRUCTION  and  teaching  machines  IN  the 
FIELD  OF  MEOICINE.  AUTHORS*  ABSTRACTS,  WITH 
OCCASIONAL  minor  CHANGES,  are  GIVEN  *HERE  AVAILABLE. 
PAPERS  THAT  HAVE  BEEN  WRITTEN  CONCERNING  THE  USE  OF 
COMPUTERS  AS  TEACHING  MACHINES  ARE  INCLUDED. 

(AUTHOR)  (U) 
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information  retrieval),  computers, 
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identifiers:  evaluation  id 

The  report  SUMMARIZES  The  DEVELOPMENT  and 
evaluation  of  a  programed,  self ''Instructional  course 
for  on-the-job  training  of  air  staff  personnel  in 
the  use  of  intermediate  query  language,  model 

SI*  THIS  Is  an  INFORMATION  RETRIEVAL  LANGUAGE 
USED  *  I T  m  The  COMPUTER  BASED,  A  I R  FORCE  COMMAND 
AND  CONTROL  SYSTEM,  SYSTEM  m73l*  IN  ADDITJC'N, 

IT  DESCRIBES  A  COMPUTER  DIRECTED  TRAINING  CAPABILITY 
THAT  PAS  DESIGNED  SPECIFICALLY  TO  USE  SYSTEM  M73L 
itself  to  effectively  and  efficiently  PROVIDE 
training  in  query  language.  The  REPORT 
DESCRIBES  the  n  £  E  D  FqS  ON-THE-jOB  TRAINING  and  the 
Rationale  for  a  computer  directed  training  capability 
to  provide  this  training,  it  describes  the 
DEVELOPMENT  op  The  PROGRAMED  Text,  The  TEAT  itself, 

AND  THE  EFFECTIVENESS  CF  The  t£XT  MATERIALS  BA5ED  ON 
tryout  data,  finally,  a  description  of  the 
proposed  computer  DIRECTED  TRAINING  COURSE  is  given, 
#1Th  emphasis  On  the  TRAINING  DESIGN.  (AUTHOR)  (U) 


101 


'NClaSS  I  E  I  ED 


UNCLASS I  F  I  E  D 


ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  ZD0M63 
AD-65(  Q  3  5  5/9 

A  ORE  I $N  TECHNOL0Gv  D  I  V  A R i G H T - P A T T E R S ON  A  F  8  OHIO 
ON  The  USE  OF  UNIVERSAL  ELECTRONIC  COMPUTERS  for 
programmed  jnstruct:oni  < u j 

MAR  6  7  24  P  KuRTAKOV.V,  G.  { 

REPT.  NO.  FTd-MT-65-202 
MCnI TOR :  TT  67-61650 

UNCLASSIFIED  REPORT 
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Computers:,  (^teaching  machines,  oesign), 
training,  f i l m  readers,  automatic,  input- 
cutput  devices,  german  language,  Russian  language, 

USSR  (U) 

A  DISCUSSION  IS  GIVEN  OF  CERTAIN  RESUltS  of 
EXPERIMENTAL  APPLICATION  of  digital  COMPUTERS  TO 
PROGRAMMED  LEARNING  AND  ThE  PRINCIPLES  OF 
CONSTRUCTING  TEACHING  SYSTEMS.  Three  MODELS  OF  The 
TEACHING  PROCESS  ARE  PRESENTED:  PaRaLLFl, 

SEQUENTIAL,  AND  BRANCHING.  A  BLOCK  DIAGRAM  is 
GIVEN  FOR  A  TRAINING  SYSTEM  USING  AN  ELECTRONIC 
COMPUTER,  and  USE  of  The  • U  R  A  l -  i  *  MACHINE  pith 

s t - 3 s  instruments  as  inputs  is  discussed  f0r 

teaching  translation  from  german  to  Russian  and 

OE  5 1 G  n  OF  RADIO  RECEIVERS.  USE  OF  MULTIPURPOSE 

COMPUTERS  (UMSMN  /UNIVERSAL NAVA  MASmINA 

SHIROkOGO  NaZNACHENIYa/’  #ITh  automatic  film 

VIEPERS  AS  output  DEVICES  FOR  STupT  OF  R a  0  I  0 T E C M N  I  C A L 

C I RCU I Ts  I S  DESCRIBED.  (U) 
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THE  USEFULNESS  OF  A  GEOMETRIC  aPPR  =CH  TO  THE 
FOLLOWING  PROBLEM  IS  PRESENTED:  GIVEN  AN  NaRGUMENT 
SWITCHING  FUNCTION  AND  1-INPUT  MAJORITY  GATES  AS 
BUILDING  BLOCKS,  EVISE  A  NETWORK  WHICH  REPSE  ENTS 
THE  GIVEN  FUNCTION.  THIS  PROBLEM  HAS  BEEN  TREATED 

ALGEBRAICALLY,  two-level  realizations  will  be 

DERIVED,  AND  PROBLEMS  WITH  LARGER  VALUES  OF  N  AND  j 
ARE  CONSIDERED,  IN  THESE  CASES,  MULTI-LEVEL 
REALIZATIONS  MUST  BE  PERMITTED,  THE  SYNTHESIS 
"ROCEDURES  DESCRIBED  EMPLOY  GEOMETRIC  INTUITION 
tNAMELY,  MATCHING  KNOWN  PATTERNS  WITH  GIVEN 

patterns ! ,  and  do  not  guarante  optimal  solutions. 
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DIODES,  ELECTRON  TUBES#  LINEAR  SYSTEMS,  MATHEM. TJCAL 
ANALYSIS,  PROGRAMMING  i  COMPUTERS )  ,  THEORY, 

TRANSISTORS  «U) 

EEFORTS  WERE  made  TO  DEVELOP  SYSTEMATIC  METHODS  FOR 
THE  ANALYSIS  OF  NETWORKS  THAT  CONTAIN  PIECEWISE- 
LINEAR  (PWL)  ELEMENTS.  A  GENERAL  METHOD  WAS 
DEVELOPED  FOR  ANALYSIS  OF  R  E  S I S  T  I  y  E  PWL  NETWORKS, 

and  special  cases  of  pwl  networks  containing 
REACTiVe;  ELEMENTS  were  solved,  as  a  more 
SYSTEMATIC  METHOD  SUITABLE  for  use  WITH  A  DIGITAL 
COMPUTER,  THE  PWl-OPeRaTOR  method  was  developed, 
pwi  operators  are  defined  to  represent  the 
characteristic  curves  of  pwl  elements,  the  basic 
algebraic  operations  are  defined  for  pwl  operators 
and  The  AL^b.aIC  PROPERTIES  are  studied,  a  new 
OPERATION  ,5  INTRODUCED,  WHICH  solves  a  class  or 
PWL-OPERATOR  E3UATSQNS  ThaT  CANNOT  BE  SOLVED  IN 
TERMS  of  The  BASIC  ALGEBRAIC  OPERATIONS.  PWL- 
OPERATOR  METHODS  AR£  APPLIED  TO  DETERMINE  INPUT  AND 
TRANSFER  CHARACTERISTICS  OF  RESISTIVE  PWL  NETWORKS, 

AND  The  ANALYSIS  OF  pwl  TWO-PORTS  IS  CONSIDERED. 

PWt -OPERA T OR  METHODS  ARE  USED  TO  ANALYZE  VACUUM- 

tube  and  transistor  circuits,  extension  of  pwl- 

OPERATOR  METHODS  TO  PWL  NETWORKS  THAT  CONTAIN 
REACTIVE  ELEMENTS  IS  CONSIDERED.  COMPUTER  PROGRAMS 
FOR  THE  ANALYSIS  OF  PWL  ..ETWORKS  ARE  DISCUSSED. 
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120 


UNCLASSIFIED 


LNO.ASS1F  i  t  0 


ODC  »£PO<?T  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  It Qma 3 
AO-28  2  032 

POLYTECHNIC  INST  OP  BROOKLYN  N  Y  MICROWAVE  RESEARCH 
INST 

further  contributions  to  the  Realization  of  boolean 

POLYNOMIALS  BASED  ON  INCIDENCE  MATRICES  AND  ITS 
PROGRAMING  ON  ThE  IBP.  650  COMPUTER,  (U) 

AUG  61  MRP  MOR I *AK  I  ,  YOSH  i  I 

REPT.  NO,  938-61 
CONTRACT:  A  F 1 9  6QM  6620 

PRQj:  5632 

MONITOR:  AFCRL  62  189 

unclassified  report 


descriptors:  ‘ALGEBRAS,  •digital  computers, 

•electrical  networks,  matrix  algebra,  programming 

(COMPUTERS) ,  TABLES  (U) 

The  MOST  GENERAL  PROCEDURE  FOR  FINDING  MINIMUM  cONT4CT 
SPRING  NETWORKS  IS  DESCRIBED.  THE  PROGRAMMING  OF  THESE 
PROCEDURES  WIT*  THE  AID  OP  AN  IBM  650  COMPUTER  IS 
DISCUSSED, 
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supplementary  note:  this  report  includes:  theoretical 
CONSIDERATIONS  on  reliability  properties  of  RECURSIVE 

TRIANGULAR  SWITCHING  NETWORKS.  BY  S.  AMAREL  AND  J. 

A.  BRZOZOWSKI.  S2P «  INCL.  IlLUS.  10  REFS.  THE 

RELIABILITY  OF  RECURSIVE  TRIANGULAR  SWITCHING  NETWORKS  BUILT 
OF  RECTIFIER  GATES,  BY  SAUL  LEVY.  5*P.  INCL.  ILLUS.  3 
REpS. 

DESCRIPTORS!  'SWITCHING  CIRCUITS,  COMPUTER  LOGIC, 
RELIABILITY,  MATHEMATICAL  ANALYSIS, 

COMPUTERS  (U) 

A  DISCUSSION  IS  PRESENTED  OF  A  DOUBLY  INFINITE 
CHAIN  OF  PROPERTIES  OF  THRESHOLD  FUNCTIONS,  THE 
SECOND  LIMIT  OF  WHICH  CHARACTERIZES  SUCH  FUNCTIONS. 

THE  FIRST  TWO  PROPERTIES,  WHICH  ARE  THE  MOST  USEFUL 
AS  NECESSARY  CONDITIONS,  ARE  GIVEN  SPECIAL  ATTENTION! 

THEY  YIELO  INTERPRETATIONS  IN  ALGEBRAIC  EXPRESSIONS 
FOR  ThE  FUNCTION  AND  PROVIDE  A  NATURAL  ORDERING  OF 
THE  FUNCTION’S  ARGUMENTS,  RELATIONS  BETWEEN  THE 
families  of  properties  ARE  GIVEN,  AND  THEIR 
INDEPENDENCE  THORN.  SOME  OTHER  CONJECTURED 

ch • racTeri zat ions  of  threshold  functions  are  shown 
invalid.  The  number  of  threshold  functions,  as  A 
function  of  n,  is  given  a  relatively  good  upper 

BOUND.  (AUTHOR)  ( M  ) 
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major  EMPHASIS  IS  placed  on  THEORETICAL  ASPECTS  OF 
THRESHOLD  FUNCTIONS  WjTH  PARTICULAR  ATTENTION  GIVEN 
TO  SYNTHESIS  METHODS  FOR  SPECIFYING  NETWORKS  OF 
THRESHOLD  DEVICES.  TECHNIQUES  *RE  PRESENTED  FOR 

determining  linear  speaRabili ty  and  for  calculating 
weights  and  THRESHOLD  for  THOSE  FUNCTIONS  WHICH  ARE 
linearly  separable,  algorithms  for  partitioning 
sw:tching  functions  into  sets  of  THRESHOLD  FUNCTIONS 
ARE  DESCRIBED  AS  WELL  AS  TF  <NIQUE5  FOR  DECOMPOSING 
NETWORKS  OF  UNCONSTRAINED  T nRESHOLD  DEVICES  INTO 
NE ’WORKS  OF  OE  V  J  c  E  5  SATISFYING  CERTAIN  DESIGN 
CONSTRAINTS.  SPECIAL  CONSIDERATION  IS  GIVEN  THE 
EFFECTS  OF  NOISE  AND  TOLERANCES  IN  SEVERAL  TYPES  OF 
CIRCUITS  SUITABLE  FOR  THRESHOLD  DEVICES  WITH  THE 
PRIHARY  OBJECTIVE  OF  DETERMINING  THF  IMPORTANT  DESIGN 
CONSTRAINTS.  LOGICAL  DESIGN  EXAMPLES  ARE  PRESENTED 

TO  demonstrate  the  general  utility  of  threshold 

FUNCTIONS.  (AUTHOR)  (U) 
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A  NUMBER  OF  NEW  TECHNIQUES  WERE  INVESTIGATED  FOR 
THE  MATHEMATICAL  ANALYSIS  ANO  DESIGN  OF  ELECTRONIC 

circuits,  these  techniques  were  teste  on  several 

NEW  DEVICES,  and  VARIANTS  OF  THE  INVERTER  CIRCUIT 
WERE  EXAMINE  IN  MORE  DETAIL.  T  Ht  INVESTIGATIONS 
DESCRIBED  ARE  DIVIDED  INTO  TWO  PARTS,  STATISTICAL  AND 
other  computational  METHODS  (PART  II),  AND 

ANALYTICAL  STUDIES  (PART  III).  (AUTHOR)  (U) 
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DESCRIPTORS!  ‘DIGITAL  COMPUTERS.  »S*.TcHING  CIRCUjtS, 
AUTOMATION.  CIRCUITS,  FUNCTIONS,  MATHEMATICAL 

analysis,  simulation,  synthesis  < u j 

the  problem  IS  CONSIDERED  of  synthesizing  switching 
CIRCUITS  That  COMPUTE  a  given,  completely  specified 
switching  function,  and  a  new  POINT  OF  VIEW  is 
adopted  IN  WHICH  SWITCHING  CIRCUITS  A»E  CONSIDERED  TO 
BE  REALIZATIONS  of  ALGORITHMS  rather  Than 
INTERPRETATIONS  Of  TRUTH-FUNCTIONAL  FORMULAE.  A 
RESTRICTED  CLASS  OF  ALGORITHMS,  CALLED  THE  CASCADE 
ALGORITHMS,  IS  IDENTIFIED!  IT  JS  SUGGESTED  THAT  TRpE 
AND  COLLAPSED-TREE ,  ITERATIVE,  MUL T I  PL E - I TE R A T I VE 
SEQUENTIAL,  AND  CASCAOEC-SEQUEnT I AL  SWITCHING 
CIRCUITS  may  BE  VIEWED  AS  REALIZATIONS  OF  CASCADE 
ALGORITHMS.  ALL  Cr  THESE  CIRCUITS  ARE  called, 

THEREFORE,  CASCADE  CIRCUITS.  YmREE  BASIC 
TECHN I QUES--FUNCT I ONaL  DECOMPOSITION,  MERGING,  AND 
SKIPPING-WHICH  PERMIT  THE  SYNTHESIS  OF  EFFICIENT 
CASCADE  algorithms  TO  COMPUTE  a  given  FUNCTION,  ARf 
described,  it  is  then  shown  how  these  techniques 
may  BE  applied  SO  AS  to  synthesize  a  COLL  ' PSEDTREE  , 

ITERATIVE,  MULT  I PLE- I TERAT l VE  ,  SEQUENTIAL,  UR 
C A5C ADEO-^EQUCNT I AL  SWITCHING  CIRCUIT  That  COMPUTES 
A  GIVEN  SWITCHING  function.  EXAMPLES  ARE  0RAWN 
from  the  TECHNOLOGY  OF  CURRENT-STEER  I YG  DEVICES. 

SUCH  AS  RELAYS  and  cryotrons,  but  The  method  is 
APPLICABLE  TO  OTHER  TECHNOLOGIES,  The  procedures 
APPEAR  to  be  well  ADAPTED  to  EXECUTION  on 

CONTEMPORARY  DIGITAL  COMPUTERS,  (AUTHOR)  (U) 
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GIVEN,  SPECIFIC  RESULTS  INCLUDE!  AN  IMPROVED 
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The  synthesis  of  networks  r  i  t  h  minimum  sensitivity 
to  ELEMENT  tolerances  IS  STUDIED  from  i  COMPUTER 
VIERPCiNT.  The  THEORY  OF  EQUIVALENT  NETWORKS  IS 
USED  TO  GENERATE  A  SEQUENCE  OF  NETWORKS  *HOS£ 

TRANSFER  FlNCT  IONS  ARE  IDENTICAL  TO  ThaT  OF  a  ft  J  V  £  ^ 
NETWORK  8  u  T  P^OSE  Element-;,  OIFFER  FROM  ONE  NETWORK  TO 
The  next  by  an  incremental  amount,  in  the  limit, 
differential  equations  res  . t  rkose  solution  at  any 
value  of  the  independent  variable  give  the  elements 

OF  an  EQUIVALENT  nETRORa.  S  “  I  L  A  R  L  Y  ,  DIFFERENTIAL 
EQUATIONS  FOR  The  sensitivity  nf  the  transfer 
function  to  changes  in  each  of  the  elements  are 
DERIVED.  The  DIFFERENTIAL  E  Q  a  A  T  IONS  IN  BCTh  CASES 
ARE  LINEAR  hCmOgENECuS  R  I  T  m  t  m  £  ELEMENTS  OF  The 

transformation  matrix  as  t„£  forcing  funct-ons. 

RITh  T  n  e  aid  of  the  exponential  50LUTI0N  to  The 
matrix  DIFFERENTIAL  EQUATION,  digital  COMPUTER 
solution  Even  pom  complex  networks  Is  very 
straightforward  and  Rapid,  iauthcri  ( 
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with  THE  development  and  widespread  USE  of  LARGE 
oigital  COMPUTERS,  which  are  SWITCHING  CIRCUITS, 

THERE  Has  BEEN  AN  INCREASING  INTEREST  IN  SWITCH  ING 
CIRCUIT  THEORY.  MUCH  EFFORT  HAS  BE^N  SPENT  IN 
DESIGNING  OR  SYNTHESIZING  SWITCHING  CIRCUITS,  BUT 
UNFORTUNATELY  MANY  OF  The  PROCEDURES  NOW  IN  U5e  ARE 
MORE  OF  AN  art  Than  A  SCIENCE  IN  THA?  MUCH  INSIGHT 

and  experience  are  usually  required  on  the  part  of 

THE  DESIGNER,  SOME  SYSTEMATIC  OE  S :  _« N  METHODS  HAVE 
been  introduced  but  these  ARE  only  APPLICABLE  TO 
rather  small  circuits,  this  thesis  develops  and 

PRESENTS  AN  ALGORITHM  "OR  SvNTME5!ZING  ASYNCHRONOUS 
SEQUENTIAL  SWITCHING  CIRCUITS.  THE  ALGORITHM  HAS 
CERTAIN  PROPERTIES  which  make  IT  USEFUL  AND 
APPLICABLE  to  LARGE  SWITCHING  CIRCUITS  SUCH  AS  THE 
CONTROL  UNIT  OF  A  DIGITAL  COMPUTER.  THE  STEPS  IN 

the  algorithm  are  systfmatic  and  simple  permitting  a 
SOLUTION  to  BE  OBTAINED  in  a  relatively  short  amount 
OF  TIME.  The  resulting  design  is  not  optimum  in 

THAT  THE  CIRCUIT  HAS  THE  MINIMUM  NUMBER  OF  STATES  OR 

minimum  amount  or  logic,  (author)  (Ui 
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the  fundamental  objective  of  the  new  scientific 
discipline  called  'CONTROL  THEORY*  is  that  of 

MODIFYING  THE  BEHAVIOR  OF  A  SYSTEM  SUBJECT  TO 
VARIOUS  CONSTRAINTS  OF  FEASIBILITY  SO  AS  TO  ACMlfV^ 
DESIRED  AIMS.  FROM  ThE  MATHEMATICAL  POINT  Of 
VIER,  The  PRIME  PURPOSE  IS  TO  APPROXIMATE  to  REALITY 
BY  MEANS  OF  HIERARCHIES  OF  MAThE  MATJCaL  MODELS,  EACH 

representing  a  projection  of  The  scientific  scene. 

SOME  ASPECTS  OF  T  H  I S  ATTITUDE  ARE  DISCUSSED  AND  THE 
POSSIBLE  CONTRIBUTIONS  OF  MODERN  CONTROL  THEORY  TO 
THE  BIOMEDICAL  DOMAIN  ARE  BRIEFLY  INDICATED. 
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this  paper  is  divided  into  three  parts*  the 

FIRST  PART  SHQW5  HOW  LINEAR  GRAPHS  ARE  USED  IN 
ANALYSIS  OF  ELECTRICAL  NETWORKS.  THE  PROOF  FOR  THE 
TOPOLOGICAL  FORMULAS  OF  TRANSFER  FUNCTIONS  OF  PASSjVE 
NETWORKS  WITHOUT  MUTUAL  COUPLINGS  GIVEN  HERE  IS  THE 
FIRST  FORMAL  AND  PRECISE  PROOF  IN  THIS  FIELD.  fcY 
THE  USE  OF  TOPOLOGICAL  FORMULAS,  SUCH  A  PASSIVE 
NETWORK  CAN  BE  ANALYZED  8 T  A  DIGITAL  COMPUTER.  THE 
SECOND  PART  DISCUSSES  The  applica  TION  of  linear 
graphs  to  SWITCHING  NETWORKS  BY  STARTING  WITH 
exploration  of  the  properties  of  paths  in  a  linear 

GRAPH,  THEN  THE  NECESSITY  OF  REALIZING  A  CUT  SET 
MATRIX  (OR  CIRCUIT  MATRIX)  IS  DISCUSSED*  THE 
THIRD  PART  DISCUSSES  A  RATHER  NEW  FIELD  WHICH  IS 
M»  NY-PORTS  PLOW  PROBLEMS  WHICH  IS  CALLED  THE  ThEORv 
OF  COMMUNICATION  NETS,  (U) 
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THERE  ARC  A  NUMBER  OF  PHYSICAL  PHENOMENA  OCCURRING 
IN  SOLIDS  WHICH  HAVE  SOME  PROMISE  FOR  APPLICATION  TO 
LOGICAL  DEVICES.  SOME  OF  THESE  HAVE  BEEN  PARTULiY 
EXPLORED  AND  AT  LEAST  FOR  THE  PRESENT,  DISCARDED. 
others  have  received  NO  CONSIDERATION,  not  even  a 
FEASIBILITY  EVALUATION.  The  purpose  OF  THIS  WORK 
JS  TO  consider  some  of  THESE  PHENOMENA  to  discover  IN 
what  form  and  how  well  they  might  be  used  to 

CONSTRUCT  DEVICES  AND  IMPLEMENT  USEFUL  LOGICAL 
FUNCTIONS.  TECHNICAL  STUDY  AREAS  INCLUDES 
DISTRIBUTED  CONSTANT  NEURISTORS,  NIOBIUM  OXIDE 
NEGATIVE  RESISTANCE  ELEMENTS,  MINIMUM  COMPLEXITY 
DIGITAL  ELECTRONICS,  CONTINUOUS-MEDIUM  DOMAIN  LOGIC 
AND  MEMORY  DEVICES,  AND  SOME  NtMARXS  ON  TOPOLOGY  AND 
POWER  SUPPLY  OF  LOGICAL  NETWORKS  0  (U) 
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EXAMINED.  A  NEW  3ET  OP  NECtbSARY  AND  SUFFICIENT 
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IN  This  paper  The  GRUUP-ThEORET  I  c AL  CONCEPT  of 
•CONFLUENCE  SETS*  IS  INTRODUCED  AS  A  VALUABLE 
TOOL  in  The  ANALYSIS  OF  LINEAR  SEQUENTIAL  CIRCUITS 
<  L  S  C  *  5  »  •  USIno  Tm| a  CONCEPT,  A  SCHEME  IS 

FORMULATED  FOR  PRODUCING  state  GRAPH  of  autonomous 

LSC’S  WHICH,  IN  The  ’SINGULAR'  CASE,  IS 
SUPERIOR  to  CURRENTLY  KNOWN  SCHEMES.  SINGULAR 
L  S  C  •  3  ,  GHICH  ARE  0  F  POTENTIAL  INTEREST  IN  ERROR 
CORRECTION  SYSTEMS,  mRE  studied  in  detail, 
properties  of  their  state  graphs  are  derived, 

CULMINATING  IN  a  UNIQUE  CHARACTERIZATION  of  s  u  C  f 
GRAPHS  IN  TERMS  OF  REPRESENTATIVE  'CYCLES'  AND 
•TRELS'.  TOGETHER  with  known  RESULTS  on 
nonsingular  circuits,  the  results  in  this  paper  offer 
A  DESCRIPTION  OF  the  AUTONOMOUS  BEHAVIOR  of  the 
general  linear  sequential  circuit,  (authori  iu> 
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this  report  presents  results  of  studies  in  the 
SYNTHESIS  OF  SEQUENTIAL  switching  networks,  topics 
covered  are  the  synthesis  OF  PERMUTATION  MACHINES 
with  threshold  elements,  in  particular  one  threSho, d 

ELEF  “ T  PER  MEMORY  ELEMENT!  A  METhOu  OF  SYNTHESIS  IN 
WHICn  the  COMBINATIONAL  LOGIC  OF  any  SEQUENTIAL 
CIRCUIT  MAY  be  REALIZED  BY  MEANS  OF  A  CASCADED 
ARRANGEMENT  0*-  S-INPUT,  S-OUTPUT  LOGIC  BLOCKS 
(S  DENOTES  NUMBER  Of  STATE  VARIABLES),  THAT 
APPROACH  HAS  APPu I  CAB IL I TY  IN  INTEGRATED  CIRCUIT 
REALIZATION  OF  COMPUTERS.  OTHER  TOPICS  ARE  IN  TMF 
SYNTHESIS  OF  SEQUENTIAL  SWITCHING  CIRCUITS  IN  SHIFT- 
REGISTER  FORM.  (AUTHOR)  <U) 
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the  increasing  number  of  applications  of  graph 
THEORY  TO  The  SOLUTION  OF  PROBLEMS  IN  MANY  FIELDS 
MAKE  jT  DESIRABLE  TO  HAVE  AVAILABLE  COMPLETE 
KNOWLEDGE  OF  THE  PROPERTIES  OF  THESE  GRAPHS.  SINCE 
MANY  PROBLEMS  IN  ELECTRICAL  NETWORKS,  SWITCHING 
CIRCUITS,  AND  COMMUNICATION  NETS  CAN  BE  FORMULATED  IN 
TERMS  OF  DIRECTED  GRAPHS,  it  is  APPROPRIATE  TO  STUDY 
THEIR  PROPERTIES.  IN  TtJS  PAPER,  PROCEDURES  ARE 
DEVEL'^ED  FOR  GENERATING  THE  directed  trees,  2-TREES 
and  P*  ts  OF  A  DIRECTED  graph,  UNLIKE  OTHER 
METHOD'-  FOR  GENERATING  THESE  SUBGRAPHS,  THE 
PROCECUHS  DEVELOPED  HERE  AVOID  GENERATING  OUPlICaTE 
ELEMENTS  Thus  They  ELIMINATE  the  necessity  0 F 
REPEATEO  SEARCH  TO  select  A  COMPLETE  set  of  ELEMENTS. 
PROOF5  ARE  GIVEN  TO  VERIFY  T  M  *  T  ALl  ELEMENTS  OF  THE 
SET  OF  DIRECTED  TREES,  2-TREES  OR  PaTHS  A«E  GENERATED 
*ND  That  NO  DUPLICATE  CLEMENTS  OCCUR.  EXAMPLES  are 

given  to  illustrate  the  procedures  in  detail.  The 
PROCEDURES  are  AMENABLE  TO  OIGJTal  computer 
APPLICATION. (AUTHOR)  (U) 
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B I  NARY  COD  I NG  ( U ) 

A  PROCEDURE  for  ASSIGNING  BINARY  CODES  TO  THE 
INPUTS  OF  A  SEQUENTIAL  MACHINE  IS  EXAMINED  IN  AN 
ATTEMPT  TO  MECHANIZE  THE  PROCEDURE  USING  LINEAR 
PROGRAMMING.  REASONS  ARE  GIVEN  FOR  THE  DIFFICULTY 
!NVOLVED  IN  ATTEMPTING  TO  DERIVE  LINEAR  C0n5TRaIN]ng 
EQUATIONS  FOR  an  OBJECTIVE  FUNCTION  SPECIFIED  BY  ThE 
proceoure.  in  the  second  part  of  this  thesis,  the 
partition-pair  on  The  set  of  STATES  of  a  SEQUENTIAL 
machine  is  EXTENDED  to  The  inputs  OF  a  SEQUENTIAL 
machine  in  an  effort  to  simplify  the  logical 
EQUATIONS.  IT  S  h  0  *  N  ThaT  INPUT-STaTe  PAIRS  aRC 
effective  in  obtaining  the  simplification  of  the j e 
LOGICAL  EQUATIONS.  (AUTHOR)  (U) 
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SINGULAR  AUTONOMOUS  LINEAR  SEQUENTIAL  MACHINES  ARE 

analyzed  following  SIMPLE  group  properties  introduced 
by  gill  aieee  transactions  on  electronic 
COMPUTERS,  VOL*  EC-13:  226-231,  NO*  3 »  UuN 
)R6N,  A  D • 6  0  7  R76).  IT  IS  SHOWN  ThaT  TmE  SET  OF 
JUNCTION  STATES  FOR  The  CONFLUENCE  SETS  FORM  A  GROUP, 
with  a  S  normal  SUBGROUP,  the  SETS  of  states  on  The 
CYCLE  SETS.  The  SET  OF  STATES  maPpInG  INTO  ThE 
NULL  (0)  STATE  A  L  5  0  FORMS  A  S  R  0  v'  P  C  A  u  l  E  D  ThE  NULL 
TREE  GROUP*  The  CYCLE  SET  GROUP  AsD  ThE  NULL  Tree 
GROUP  ARE  REAL  i  ZEO  SEPARATELY  and  the  DIRECT  sum  of 
THESE  TWO  GROUPS  COMPLETELY  C h a R A C T E R  I  Z E S  The 
OPERATION  OF  THE  MACHINE,  ThE  null  TREE  is  shown 
TO  BE  CHARACTERIZED  ST  a  SET  OF  M  DISJOINT  PATHS: 
to  £  a  c H  of  these  paths  thepe  corresponds  a  shift 

REGISTER  HAVING  aS  MANY  DELAY  ELEMENTS  AS  THERE  ARE 
STATES  IN  THAT  PATH.  (AUTHOR)  (U) 
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IDENTIFIERS?  SEQUENTIAL  machines  (U) 

The  STATE-LOGIC  RELATIONS  are  DETERMINED  in  an 
ITERATIVE  STRUCTURE  FOR  any  autonomous  sequential 
Machine.  a  model  (UNLIKE  that  of  MEALY)  IS 
USED  IN  RHSCH  DELAY  is  DISTRIBUTED  THROUGHOUT  THE 
machine,  THEOREMS  are  PRESENTED  *hICM  PRESCRIBE 
the  INTERCONNECTION  of  IDENTICAL  ELEMENTS  to  realise 
any  autonomous  sequential  behavior.  synthesis,  as 

0ESCRIBE0  HERE,  viEuDS  A  MORE  C0SrLY  MACHINE  IN  T  p  R  m  S 

of  decay  elements  than  those  of  previous  workers, 
in  addition  to  the  iterative  structure,  increased 

SPEED  OF  OPERATION  15  The  ADVANTAGE  BOUGHT  BY  THE 
extra  DELA*  elements,  (AUTHOR)  <U) 
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it  is  known  that  a  passive  electrical  network 

WITHOUT  MUTUAL  COUPLINGS  CAN  BE  ANALYZED  3Y  KN0WN1NG 
AU  POSSIBLE  TREES  OF  a  linear  GRaRH  corresponding  to 
the  network,  since  there  exists  a  reasonably 
SIMPLE  method  of  generating  all  POSSIBLE  TREES  of  a 
linear  GRAPH  WITHOUT  OUPlICA?!ONS,  ANALYSIS  of  such  A 
network  by  a  computer  becomes  simple,  when  a  pair 
of  LINEAR  graphs  is  used,  an  active  NETWORK  can  be 
ANALYZED  by  KNOWING  ALL  POSSIBLE  COMPLETE  TREES  EACH 
OF  WHICH  is  a  tree  of  BOTH  LINEAR  graphs,  at 
PRESENT  there  IS  NO  simple  METHOD  F  GENERATING  all 
POSSIBLE  COMPLETE  trees  WITHOUT  DUPLICATIONS,. 

HENCE,  IN  ORDER  to  OBTAIN  ALL  POSSIBLE  COMPLETE 
TREES  BY  A  COMPUTER,  ONE  OT  ThE  BEST  AVAILABLE 
METHODS  at  PRESENT  IS  TO  GENERATE  ALL  POSSIBLE  TREES 
of  each  linear  graph  to  obtain  two  collections  of 
TREES,  THEN  INTERSECTING  THE  TWO  COLLECTIONS.  IT 
IS  NOT  DIFFICULT  TO  DESIGN  AN  ACTIVE  NETWORK  SUCH 

that  there  are  more  than  a  thousand  of  trees  in  each 

OF  A  PAIR  OF  LINEAR  GRAPHS  CORRESPONDING  TO  THE  NET, 

BUT  There  are  less  than  ONE  HONORED  COMPLETE  TREES. 
hence  To  0BT3IN  A  SIMPLE  METHOD  OF  GENERATING  all 
POSSIBLE  COMPLETE  TREES  is  UNDOUBTEDLY  important  for 
ANALYSIS  OF  active  NETWORKS  BY  A  COMPUTER.  (U! 
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IN  The  D.c.  DESIGN  OF  LARGE  SIGNAL  NON-SaTURaT I NG- 
TyPE  LOGIC  CIRCUITS,  it  has  been  possible  to  DEVELop 
a  set  of  worst  case  defining  equations  which  Take 
into  account  all  external  and  internal  parameter 
variations:  such  as  resistor,  voltage  TOLERANCES  and 
certain  transistor  parameters,  an  example  of  how  a 

COMPUTER  SOLVES  THE  PROBLEM  OF  SPECIFYING  ALLOWABLE 
NOISE  IMMUNITY  of  A  CURRENT  SWITCH  GATE  ( C » S  ,  G  .  ) 
under  worst  CASE  STATIC  CONDITIONS  IS  ILLUSTRATED  in 
this  REPORT.  (AUTHOR)  C  U  * 
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STORAGE),  ERRORS ,  COMPUTERSi  CODING,  DESIGN, 

matrix  algebra,  corrections,  combinatorial 

ANALTSjS  (| 

METHODS  OF  OBTAINING  MATRIX  SWITCHES  FROM  BLOCK 
DESIGNS  WERE  FORMULATED  BY  SINGLETON  AND  NEUMANN, 

the  first  *>aRt  of  the  report  extends  singletcn*s 
method  for  DESIGNING  UNIPOLAR  SWITCHES  TO  the  DESIGN 
OF  BIPOLAR  SWITCHES.  A  new  CLASS  OF  LOW  NOISE 

switches  is  obtained  by  permutation  of  the  winding 

MATRIX  OF  NOISELESS  SWITCHES  AND  IT  IS  SHOWN  HOW 
THESE  new  SWITCHES  are  RELATED  TO  BLOCK  DESIGNS, 

THE  LATTER  PART  of  The  REPORT  is  CONCERNED  WITS 
METHODS  of  OBTAINING  ERROR  DETECTING  and  error 
CORRECTING  CODES  FROM  BLOCK  DESIGNS,  SOME  OF  THESE 
COOES  ARE  FOUND  TO  BE  OPTIMAL,  (AUTHOR)  <t 
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CATEGORIZATIONS  aNO  realizations  are  applied  to 
POSITIVE  REAL  AND  BIQUADRATIC  IMMJTTANCE  FUNCTIONS  JN 
NINE  NUMER’CAL  EXAMPLES.  COMPUTATION  PLANS  AND 
ROUTINE  COMPUTATION  PROCEDURES  ARE  DEVELOPED 
PREDOMINANTLY  FOR  THE  USE  OF  DESK  CALCULATING 
MACHINES.  THIS  PORTION  PRESENTS  ThE  APPLICATION  OF 
A  THEORY  that  has  been  discussed  in  ad-63r  76R, 
’CATEGORIZATIONS  AND  REALIZATIONS  OF  POSITIVE 

real  and  biquadratic  immittance  functions,* 

THE  EXAMPLES  M£ET  ANY  POSSIBLE  OCCURRENCE  OF 
POSITIVE  REAL  AND  BIQUADRATIC  IMPEDANCE  OF  THE 
ADMITTANCE  FUNCTION.  <  AUTHOR )  !U> 
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ONLY  QUITE  SIMPLE  ELECTRONIC  CIRCUITS  CAN  NORMALLY 
be  ANALYSED  EXACTLY  by  manual  means,  due  TO  THE  LABOR 
involved  in  solving  the  circuit  equations,  this 

REPORT  IS  AN  INTRODUCTION  TO  THE  USE  OF  A  DIGITAL 
COMPUTER  TO  OVERCOME  THIS  PROBLEM,  A  GENERAL 
PURPOSE  PROGRAMME  IS  DESCRIBED  *H I  cm  RILL  ANALYSE 
LINEAR  CIRCUITS,  containing  both  passive  and  ACTIVE 
elements,  OF  UP  TO  50  NODES,  AND  THE  UNDERLYING 
CIRCUjT  ANALYSIS  IS  OISCUSSED  IN  SOME  OETAIL. 

(AUTHOR)  1U) 
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AN  APPLICATION  OF  REVISED  TECHNIQUES  OF  BOOLEAN 
MATRIX  ALGEBRA  IS  MADE  TO  NETWORK  ANALYSIS  AND 
SIMULATION,  TWO  CLASSES  OF  NETWORKS  ARE  DISCUSSLO 
--  TRANSPORTATION/COMMUNICATJON  AND  CLASSIFICATION 

information  retrieval.  The  ADVANTAGE  of  THE 

TECMN I  SUE  IS  HIGH-SPEED  COMPUTATION  FOR  RELATIVELY 

LARGE  NETWORKS,  £ • G • ,  >  1,000  elements, 

(AUTHOR)  (U) 
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THIS  WORK  CONSIDERS  THE  SYSTEM  FOR  ASSIGNING  ThE 
boundary  CONDITIONS  IN  CONTEMPORARY  ELECTRONIC 

models,  the  need  for  program  ASSIGNMENT  of  boundary 

CONDITIONS  FOR  ANY  MOMENTS  OF  TIME,  SIMULTANEOUS 
ASSIGNMENT  of  TIME  VARIABLES  OF  BOUNDARY  CONDITIONS, 
STORED  CONTROL  of  CHANNELS  FOR  ASSIGNING  The  BOUNDARY 
CONDITIONS,  AND  THE  CONVERSION  OF  THE  UNIQUE 
ELECTRONIC  INTEGRATOR  EI-S  INTO  ThE  UNIVERSAL 
NETWORK  ELECTRONIC  MCDlw  U5M-I,  The  OPERATING 
CONDITIONS  OF  THE  EI-S  BOUNDARY  CONDITION 
ASSIGNMENT  SYSTEM  ARE  GIVEN,  AS  IS  THE  FUNCTIONAL 
DIAGRAM  OF  THE  SYSTEM  .  ( U ) 
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The  MATERIAL  8  £  u  .  N  S  R  I  T  m  A  DISCUSSION  of  logical 
PROPOSITIONS  AND  THEIR  MATHEMATICAL  EXTENSION  - 
BOOLEAN  ALGEBRA.  THIS  IS  FCLLOREO  BY  VaRJOUS 
REPRESENTATIONS  of  boolean  FUNCTIONS  INCLUDING  The 
GRAPHICAL  method.  The  CONCEPT  OF  DESIGNATION 
NUMBERS  as  a  unique  CIRCUIT  DESCRIPTION  is  develops 
FOLLOWED  BY  SIMPLIFICATION  METHODS  AND  REDUCTION  BY 
MAPS,  APPLICATION  OF  THESE  METHODS  TO  ACTUAL 
CIRCUIT  DESIGN  is  demonstrated  bt  various  examples, 
in  the  final  portion  the  more  common  digital 
BUILDING  blocks  aRE  PRESENTED  and  discussed. 

(AUTHOR)  [ m | 
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THE  CONSTRUCTION  OF  A  SRITCHlNG  NETRORK  CAPABLE  OF 
n  factorial-permutation  of  its  n  input  terminals  10 
its  n  output  terminals  is  described,  the  building 
blocks  for  this  netrork  are  binary  cells  capable  of 
permuting  their  t*o  input  terminals  to  their  tro 
OUTPUT  terminals.  The  number  OF  CELLS  USED  BY  ThE 
NETROrK  IS  (N  LOG  TO  The  BASE  2  OF  s  -  N*l)  ■ 

SUMMATION  FROM  K ■ l  TO  K-N  OF  ThE  QUANTITY  (LOG  TO 
ThE  BASE  ■’  OF  X).  IT  COULD  8E  ARGuEO  That  FOR 
SUCH  A  NETAONpc  This  NUMBER  OF  CELLS  IS  A  LORER  BOUND, 
by  noting  that  binary  oecjSion  trees  in  the  netrork 
CAN  RE  5  CL  Y  E  INDIVIDUAL  termjnal  ASSIGNMENTS  only  and 
not  The  PARTITIONING  OF  The  PERMUTATION  SET  ITSELF 
rhich  requires  only  (log  to  tme  sase  2  of  n 

FACTORIAL)  ■  (SUMMATION  FROM  *»l  TO  X • N  Or  ThE 
quantity  log  to  the  BASE  2  OF  K)  BINARY  decisions, 
an  ALGORITHM  is  also  GIVEN  FOR  The  setting  OF  The 
binary  cells  in  the  nctrorx  according  to  ant 
SPECIFIED  RER'YUTaT  ION.  (AUThOR)  (U) 
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A  MATHEMATICAL  ABPROACh  is  PRESENTED  on  one  of  The 
MOST  CRITICAL  PROBLEMS  IN  DEVELOPMENT  OF  COMMAND 
CONSOLES  ANO  DISPLAYS,  I.E.,  ThE  EVALUATION  Or  THE 
RELEVANCE  OF  POTENT  I  At  INFORMATION  INPUTS.  IT  MAY 
BE  APPlIEO  to  ANY  X.  .  OF  PROPOSED  SYSTEM  TO 
DETERMINE  CCmmaNq  INFORMATION  requirements  *HEN 
CURRENT  METHODS  MAY  NOT  BE  ADEQUATE  TO  The  Task. 
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MANY  COMPLEX  SYSTEMS  CONSIST  OF  TqO  Many  DIFFERENT 

types  of  elements  ano  are  influenced  3y  too  many 
factors  to  lend  THEMSELVES  READiLY  TO 
conceptualization  Through  mathematical  models. 

WITHOUT  INTRODUCING  UNREALISTIC  OVERSIMPLIFICATIONS. 

TO  STRUCTURE  SUCH  SYSTEMS  R E A L I Z T t C A l L Y  ,  AN 
appro4ch  has  been  developed  which  begins  with  the 

CLASSIFICATION  OF  THE  ELEMENTS  AFFEC’ING  thE  SYSTEM 

and  The  determination  of  the  existence  of  certain 
TYPES  OF  RELATIONS  BETWEEN  THESE  ELEMENTS.  ThE 
approach  which  is  known  as  the  system  analysis 
and  INTEGRATION  MODEL  t  s  A  I M  )  HAS  BEEN  APPLIED 
TO  The  ANALYSIS  OF  A  NUMBER  OF  SYSTEM  PROBLEMS 
CONCERNING  WEAPON  SYSTEM  DEVELOPMENT,  INCLUDING 
COMMAND  and  CONTROL.  OTHER  PROBLEM  AREAS  TO  WHICH 
THE  METHOD  HAS  BEEN  APPLIED  ARE  ThE  ANALYSIS  OF 
pOSTATTACK  RECOVERY,  POLITICAL  CONFLICTS.  AND  LARGE- 
SCALE  ORGANIZATIONS.  THE  PAPER  CONCLUDES  WITH  A 
DISCUSSION  OF  THE  FUNCTION  OF  THIS  GENERAL  APPROACH 
IN  THE  DEVELOPMENT  CF  FORMAL  MODELS  WHICH 
REALISTICALLY  REPRESENT  COMPLEX  SYSTEM  PkOBLEMS. 
(AUTHOR,  (U> 
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identifiers:  sage 

the  aovanced  display  console  and  rta  computer 
DEVELOPED  UNDER  SAGE  1!  CONTRACTS  KILL  BE  MODIFIED 
FOR  USE  IN  MAN-MACHINE  COMMUNICATIONS  EXPERIMENTS, 
man-machine  communication  PROCEDURE  will  BE  STUDIEft 
in  five  aspects:  (it  preparation  of  data  to  make 

UP  VISUAL  MESSAGES,  12!  PRESENTATION  OF  THE 
MESSAGES,  (3)  RETRIEVAL  OF  DATA  NOT  ALREADY 

displaye  ,  ( m t  choice  behavior  of  the  man,  and 

(St  PROCESSING  OF  The  MAN*S  OUTPUT.  PRESENT 
scheduling  indicates  fuu  availability  of  the 

EQUIPMENT  FOR  COM  UNICATIONS  EXPERIMENTS  BY  I 
FEBRUARY  1962.  (AUTHOR)  (Cl 
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MANY  PROPERTIES  OF  NEURONS  AND  NEURAL  NETWORKS  HAY 
BE  DESCRIBED  MATHEMATICALLY.  THE  RELATION  OF  THESE 
PROPERTIES  TO  PERCEPTION  MAT  BE  UNDERSTOOD,  HOWEVER  • 

ONL  T  , F  ONE  HAS  SOME  IDEA  OF  THE  NATURE  OF  THE 
FUNDAMENTAL  UNITS  OF  PERCEPTION.  MUCH  STUDY  HAS 
BEEN  DEVOTED  to  The  PROBLEM  of  HOW  THE  BRAIN 
transforms  incoming  signals  into  useful  form,  an 

AREA  OF  STUDY  WHICH  IS  COMPARATIVELY  UNDEVELOPED  IS 
INVESTIGATION  of  THE  ACTIVE  SOLE  OF  The  NERVOUS 
SYSTEM  IN  THE  FORGING  OF  SIGNIFICANT  PERCEPTUAL 
UNITS;  AND  THE  FITTING  OF  THESE  UNITS  TO  EXPERIENCE. 

the  present  outline  is  designed  as  an  elementary 
INTRODUCTION  to  ideas  in  this  area,  it  is 
INTENDED  AS  AN  ELABORATION  of  the  author  •  s  paper 
an  approach  to  COMPUTERS  THAT  PERCEIVE, 

LEARN,  and  REASON,  (PROC.  WESTERN  JOINT 
COMPUTER  CONF.,  1959,  REPRINTED  IN  GENERAL 
SYSTEMS  YEARBOOK,  VOL.  V,  I960),  AND  AS 
AN  INTRODUCTION  TO  MATHEMATICAL  RESULTS  CITED  HEREIN. 

( AUTHOR  )  I u  5 
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The  design  and  construction  OP  an  advanced 

LABORATORY  CONDITIONED-REFLEX  MODEL  to  DEMONSTRATE 
the  FEASIBILITY  OF  a  COND 1 T 50NEU-REFLEX  SYSTEM  FOR 
ECM  AUTOMATIC  MOPE  SELECTION.  THE  ORGANIZATION 
OF  The  MOOEL  CONSISTS  OF  A  SENSORY  FIELD  CONNECTED  TO 
A  DISCRIMINATION  FIELD  WHICH,  IN  URN,  IS  CONNECTED 
TO  SEVERAL  MEMORY  PLANES,  EACH  MEMORY  PLANE  IS 
ASSIGNED  TC  A  CLASS  OF  INPUTS  AND  A  RESPONSE  IS 
EVOKED  BY  CORRELATING  The  STORtO  INFORMATION  WjTH 
INPUT  INFORMATION.  THIS  ANALYSIS  INCLUDES  A 
PROPOSED  CCEPTANCE  T  t  S  T  PROCEDURE  AND  A  DISCUSSION 
FOR  USES  OF  THE  MACHINE  IN  THE  LABORATORY.  IT  ALSO 
EMPHASIZES  THE  THOUGHT  GIVEN  TO  DEMONSTRATING  THE 
CAPABILITY  OF  THE  HARDWARE  MOOEL,  (AUTHOR)  (U) 
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A  catalog  is  presented  of  modeling  techniques 

APPLICABLE  to  The  SIMULATION,  ANALYSIS,  and 
EVALUATION  OF  COMHUNIC  T  1 0  SYSTEMS  under  a  VARIETY 
OF  OReRaTION  L  CONDITIONS.  The  TECHNIQUES  PRESENTED 

are  general!  ed  networks,  minimal  valueand  minimal 

PATH  TECHNIQUES,  RESISTOR  NETWORKS,  BOOLEAN  ALGEBRA, 

mathematical  theory  of  communication  (information 
theory),  QUEjING  theory,  TOPOLOGY,  linear 
programming,  MONYE  Carlo  technique,  The 

BOIDYrEFF  FLOODING  TECHNIQUE.  BROADVIEW  INTER 
EDIATf  IBM  6S0  DIGITAL  compute®,  C  SE  INSTITUTE 
XPSERImE  TAl  IBM  ASO  MODELS,  BLOCK  LOADING  DELAY 
MODEL,  The  BROADVIEW  THYRATRON  and 
ELECTROMECHANICAL  MODELS,  The  ERNIAC,  the  neon 
bulb  model,  the  TACT-J  ANaLY  R  (  ho  EL  , 

U  THE  MINIMUM  del  Y  MODEL,  matRI  ESCRIPTION 

OF  NETWORK  ,  A  STSThESIS  0®  MODELING  TECHNIQUES  FOR 
COMMUn I C A Y I  ON  NETWORKS,  and  OIMENSIONAL  ANALYSIS.  (U) 
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A  PROCEDURE  For  FINDING  All  permissible  basic  communication 
NETR^RkS  that  can  be  derived  from  a  GIVEN  set  of  mutual 
INTERFERENCE  matrices  developed. 
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gram,  truth  functions. 

A  mechanical  PROCEDURE  USING  trial  and  error 
techniques  is  outlined  ahich  kill  verify,  in  a  l  a  p  e 
number  of  CASES,  The  validity  of  an  argu  MENT  form' 
expressed  in  quantification  theory,  combinational 

PROCESSES  *£RE  USED  TO  A  MINIMUM  EXTENT. 

TECHNIQUES  OF  implementation  FOR  A  digi  T*l 
computer  are  also  oiscusseo.  iauThori 
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STATISTICAL  analysis,  digital  COMPUTERS,  game  THEORY, 
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COMPUTERS,  DISPLAY  systems,  PROGRAMMING  (COMPUTERS), 
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FORHUL a t I ONS  ,  HARKOV  PROCESSES  (U) 

ststemS  analysis  procedures  are  important  for 
DETERMINING  the  proper  ALLOCATION  OF  INFORMATION 
HANDLING  and  DECISION  making  FUNCTIONS  among  The  MEN 
IN  lARGC  MAN-MACHINE  ORGANIZATIONS  5  U  l  h  AS  MILITARY 
command  and  control  SYSTEMS.  RESEARCH  jS  REQUIRED 
for  modeling  anq  analyzing  tmese  functions  and 
rclatjng  the  sensitivities  or  these  functions  to  the 
system  CRITERION.  This  report  pr.SENTs  The  STEPS 
of  A  GENERALIZED  SvSTE«S  analysis  PROCEDURE  for 
C  0  H  m  ft  ^  0  *  N  D  CONTROL  systems,  the  steps  ARC  Then 
followed  UTILIZING  an  Existing  sage  DIRECTION 
CONTROL  system  as  a  vehicle  FOR  The  s  t  v  d  y  . 

emphasis  is  placed  u  »  o  s  modeling  the  human 

ORGANIZATION  as  a  RHOlE.  (AuThOR)  ( U ! 
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The  RELATIONSHIP  OF  The  DIFFERENTIAL  equation  of  A 
system  to  the  sysT£m*s  reighTing  pattern  um  pulse 
RESPONSE)  IS  DISCUSSED.  HE  REAo.l.TJON  OF  f'EAR 
DIFFERENTIAL  SYSTEMS  IS  DISCUSSED,  AND  SOME 
*  *  T  r ; C  < S • •  REGARDING  MANIPULATION  OF  TmE  p  0  S  I  T  i  C  N  nF 
FUNCTION  GENERATORS  in  AN  ANALOG  COMPUTER  t  t  p  e 
Realization  (Rit^out  changing  t„e  input-output 
RElATIuN)  are  PRESENTED,  time  varying  5  y  5  t  e  m  s 
DESCRIBAP'-E  9  y  SEPARABLE  S-uCMaIN  SYSTEM  FUNCTIONS 
ARE  DISCUSSED,  an  S-DCmaIN  STS  TE"  FUNCTION 
H { s , T )  IS  DEFINED  by  REGARDING  the  RESPONSE  of  A 
l!NEAR  DIFFERENTIAL  S  y  s  T  f.  m  TO  AN  INPuT  EST  AS 
HIS.TIEST.  T-E  INTERPRETATION  OF  a  S£PaRABLE 
H|S,T)  In  terms  c f  The  CORRESPONDING  AFIGhyInG 

pattern  and  differential  equation  is  discussed,  an* 

IT  IS  PROVED  ’MAT  A  SUFFICIENT  CONDITION  F  C  R 
SEPARABILITY  [5  t«aT  H| S,T  i  8E  national  In  S. 
it  IS  ALSO  Shorn  That  A  non  Rational  separable 

m l 5 , Y )  MUST  OF  NECESSITY  g£  A  REPRESENTATION  OF 

A  On-SEPaRaSlE  -  i  S  ,  T  )  CONSIST  jng  OF  a  fin!tE 

NUMBER  of  TERMS.  -AUTHOR)  (U) 
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the  purpose  is  t;  8w:c<  c -j t  s  o  *  e  cr  the  conditions 
AND  ai^A v i URAL  COnStRuCTS  Ah;ch  h*t  be  hTPOThESIZED 
TO  COnTRIBo’e  to  t  E  4  C  h  £  R  p  E  h  A  V  *  0  R  AND  Th[ 

INSTRVCTI3NAU  PROCESS.  In  "*15  P*pER,  ThE  WRITER'S 
POSITION  IS  PREStNTED  IN  0  E  T  A  I  l  .  ADDITIONAL 
CONSTRUCTS  are  introduced  and  emphasized,  and  an 
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PROPERTIES  OF  The  CORRELATION  PROPERTIES  OF  The 
linear  SEQUENCES  are  DISCUSSED  and  a  new  and 
PROMISING  APPROACH  to  the  PROBLEM  of  CORRELATION  of 
linear  SEQUENCES  IS  DEVELOPED,  FAMILIES  OF  LINEAR 
SEQUENCES  OF  EQUAL  PERIOD  ARE  GENERATED  FROM  A  SINGLE 
SHIP,  REGISTER.  The  CLASS  OF  SEQUEN'ES  with 
BOUNDED  CROSS  CORRELATION  IS  DETERMINED  AS  WELL  AS 
TME  BOUNDS  ON  Thf  'I  °  0  5  5  CORRELATION  FUNCTION  OF 
CERTAIN  MAXIMAL  SEQUENCES  AND  HENCE  ON  THE 

correspond i ng  family  of  sequences,  the  appendix 
presents  a  DISCUSSION  OF  ELEMENTARY  properties  of 
BINARY  SEQUENCES,  ELEMENTARY  ALGEBRAIC  PROPERTIES  OF 
SEQUENCES,  ANC  ERROR  CORRECTING  codes.  (AUTHOR) 
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the  problem  of  h o a  to  allocate  tasks  between  men 

A  NO  EQUIPMENT  COMPONENTS  of  A  COMMAND  and  CONTROL 
system  is  ADDRESSED.  SPECIFIC 

INFORMATION PROCESSING  S  T £  P  S  INVOLVED  IN  THE  SELECT jON 
OF  a  COURSE  OF  ACTION  FROM  AMONG  ALTERNATIVES  *RE 

defined  as  the  tasks  to  be  allocated  in  a  man/ 
computer  partnership,  performance  data  reflecting 
the  ability  of  ejperienced  tactical  commanders  to 

PERFORM  EACH  of  these  FIVE  I N F 0 RM * T I  ON -PR Oc E SS I N G 

tasks  singly  and  in  combination  are  required  as  a 

part  OF  THE  data  BASE  FOR  ALLOCATION  DECISION,  T  H  £ 
RESULTS  IDICATE  that  although  INDIVIDUAL  COMMANDER^ 
differ  from  one  anothef  in  the  importance  they  attach 

TO  A  SET  OF  DEPTH  SELECTION  CRjTERA,  ANY  ONt  OFFICER 
IS  highly  CONSISTENT  OF  H  J  5  JUDGMENTS  OF  IMPORTANCE 
AND  THESE  JUDGMENTS  ARE  STABLE  OVER  TIME  AND 
SENSITIVE  TO  DIFFERENCES  IN  The  tactical  SITUATION. 
(AUTHOR )  ( U ) 
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AN  INFORMATION  SYSTEM  IS  CONCERNED  WITH  THE 

communication  of  concepts  and  data  about  the  system 

itself  AND  ITS  ENVIRONMENT,  MOST  DF  ITS  TIME  AMD 
ENERGY  IS  SPENT  IN  DESIGNING  [TSElF  AS  A  SYSTEM,  NOT 
IN  COMMUNICATING  STATUS  INFORMATION  OR  ORDERS  FOR 
ACTION.  INFORMATION-PROCESSING  jobs  are  arranged 
HIERARCHICALLY,  and  FOR  EAC'  job  level,  tmfre  IS  A 
CORRESPONDING  level  of  AGGREGATION  of  the  concepts 
and  DaTa  used  FOR  INFORMATION  PROCESSING.  HIGH- 
LEVEL  information  is  filtered  through  many  lower 
LEVELS,  each  of  which  introduces  some  degree  of  noise 
cr  a  i  a  s  into  the  system,  communication  occurs  both 
up  AND  DOWN  The  JOB  HIERARCHY;  MESSAGES  PASSFD 
downward  generally  include  concepts  and  data  that 
DETERMINE  system  operation:  MESSAGES  passed  UPWARD 
are  usually  INDICATIONS  OF  how  EFFECTIVELY  THE  SYSTEM 
IS  DEVELOPING  OR  OPERATING.  The  use  of  COMPUTERS 
in  information  systems  tends  to  increase 

SPECIALIZATION  around  The  LOWER-LEVEL  JOBS,  AND, 
CONSEQUENTLY,  system  COMMUNICATION  and  INTEGRATION 

may  be  inhibited,  therefore,  the  introduction  of 

COMPUTERS  INTO  INFORMATION  Systems  MUST  ALWAYS  BEGIN 

at  the  lowest  level  of  aggregation  in  the  job 
hierarchy,  only  those  information-processing  jobs 
WHOSE  Rules  can  be  standardized  PRECISELY  are 
SUITABLE  for  AUTOMATION.  (AUTHOR)  (U) 
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T  h  E  PROBLEM  OF  REPRESENTING,  STORING,  RECALLING  And 
PROCESSING  OF  RELEVANT  INFORMATION  JN  THE 
INCREASINGLY  COMPLEX  ENVIRONMENT  OF  AN  ORGANISM  WERE 
STUOIED  8Y  SIMULATION  BASFH  ON  LIST  PROCESSING  AND  BY 

theoretical  investigation  rawing  on  sociology  and 

PSYCHOLOGY  of  COGNITION,  ENGINEERING  STUDIES  Of  SEmI- 
AUTOMATEO  LIBRARY  SYSTEMS,  AND  MATHEMATICAL  THEORY  OF 
GRAPH  and  automation,  the  FOLLOWING  ACCOMPLISHMENTS 
WERE  made:  PROGRESS  toward  A  LOGICAL  STRUCTURING  of 
information  science;  clas^  »cation  of  types  or 
DISCOURSE,  MODELLING  OF  an  INFORMATION  SYSTEM  IN 

terms  of  memory,  processor  and  comprehender 

SUBSYSTEMS  GOVERNED  dY  SELF-REGULATORY  PRINCIPLES; 
OPERATIONAL  ANALYSIS  of  SPECIAL  INFORMATION  5  Y  5  T  E  M  5 ; 
SPECIFICATION  f)tu  CONSTRUCTION  OF  COMPUTER  PROGRAMS 
FOR  CONCEPT  AaD  LANGUAGE  LEARNING;  CRITICAL  SURVEY  OF 
ASSOCIATIVE  MEMORIES)  KEY-aD >ReSS  TRANSFORMATIONS  rOR 

file  organization;  ano  clustlring  algorithms  based  on 

MEASURES  OF  RELEVANCE.  (AUTHOR)  (U) 
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the  basic  concepts  of  signals  and  linear  systems 
a re  formulated  in  terms  or  finite- dimensional  vector 
ALGEBRA.  IMPORTANT  IDEAS,  often  confused  or  omitted 
in  classical  signal  theory,  are  clarified  by  The 
system  of  notation  and  nomenclature  presented  in  the 
dissertation,  measurement  and  specification  *Re 
emphasized  IN  The  NOTATION  as  is  APPROPRIATE  To  THEIR 
IMPORTANCE  in  ENGINEERING  PRACTICE.  The  theory  and 
notation  are  EXTENDED  to  F I NJ  te-djmensional  TENSOR 
PROOUCT  SPACES,  the  EXTENSION  To  MULTILINEAR 
SYSTEMS  of  The  ENGINEER'S  INTUITIVE  KNOWLEDGE  OF 
LINEAR  systems  IS  ILLUSTRATED.  The  abstract 
NOT  I  On5  are  ILLUSTRATED  BY  APPLICATION  TO  THE 
familiar  problem  of  time-domain  multiplication. 

THE  UTlL’YT  UF  The  notation  AND  ThE  TenSOR  PRODUCT 
CONCEPTS  IS  DEMONSTRATED  BY  APPLICATION  TO  SATELLITE 
NAVIGATION  SIGNAL  PROCESSING.  DESCRIPTIONS  OF 
FEASIBILITY  TESTS  ON  Th£  IBM  70RR  AND  EXCERPTS  OF 
RESULTS  ARE  PRESENTED.  The  RESULTS  CONFIRM  ThE 
EXPECTED  SIMPLICITY  and  INDICATE  a  SURPRISINGLY  HIGH 
ACCURACY  OF  THE  PROCESSOR  DESIGNED  BY  THE  TEnSOR 
PRODUCT  APPROACH.  (AUTHOR)  (U) 
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The  FUNDAMENTAL  PROBLEM  OF  DETERMINING  The  UTILITY 
OF  A  COMMUNICATION  CHANNEL  IN  CONVEYING  INFORMATION 
IS  VIEWED  AS  a  PROBLEM  *  I T H I N  THE  FRAMEWORK  OF 
MULTISTAGE  DECISION  PROCESSES  OF  STOCHASTIC  TYPE,  a  NO 
AS  SUCH  IS  TREATED  by  The  Theory  of  DYNAMIC 
PROGRAMMING.  The  RELATIONS  between  UTILITY  and 
capacity,  in  SHANNON’S  SENSE  >  ARE  INDICATED* 

TREATMENT  OF  COMMUNICATION  PROBLEMS  INVOLVING  THE 
USE  OF  A  CHANNEL  WHOSE  PROPERTIES  are  not  C°*PLETelY 
KNOWN,  AND  THOSE  INVOLVING  PROCESSES  OF  RANDOM 

duration,  are  shown,  treatments  of  general 

PROCESSES  IN  A  UNIFORM  FASHION  BY  YmE  FUNCTIONAL 

equation  technique  of  dynamic  programming  a^e 
DISCUSSED. (AUTHOR!  (U) 
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THE  PpOBlEm  OF  ESTABLISHING  The  effective.  NESS  "F  AN 
INFORMATION  system  is  CONSIDERED,  an  EFFECTIVENl^S 
MEASURE  SUGGESTED  8  Y  RECENT  DEVELOPMENT  in 
statistical  DECISION  THEORY  IS  PRESENTED,  SAMPLE 

evaluations  or  system  designs  are  used  to  illustrate 
here  THE  ADOPTION  of  such  a  m  £  a  s  l ~  E  #HICM  ALLO*S 
SELECTING  The  PARAMETERS  OF  Th£  S  v  S  T  E  m  in  A  MANNER 
CONSISTENT  AITH  The  U  5  E  R  PREFERENCE.  4  A  U  T  h  0  R )  (U) 
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supplementary  note: 

DESCRIPTORS:  (  • T  h  R  £  A  T  evaluation,  data  processing 

SYSTEMS),  (‘DECISION  MAKING,  TnR£AT  EVALUATION), 
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THE  FIRST  of  a  SERIES  OF  experiments  INVESTIGATING 
The  value  of  automated  hypothesis-evaluation  aids  , n 

Mul.T|maNmach1NE  s  v  stems  devoted  TO  ASSESSING  OR 
DIAGNOSING  Threat  IS  DESCRIBED.  In  Th£  EXPERIMENT, 
an  eig’-t-man  team  evaluated  Threats  posed  bt  a 
hypothetical  AGGRESSOR.  The  Team  made  THESE 
EVALUATIONS  on  The  BASIS  0  F  INTELLIGENCE  I NFORMAT  J  0N 

gathered  during  simulated  reconnaissance  overflights 

OF  AGGRESSOR'S  TERRITORY.  Th£  PR i m  A  R  Y  OUTPUT  OF 
The  Threat- e  valuation  team  *  a  S  The  commanding 
OFFICER'S  POSTERIOR  pPuBABIlITJES  ESTIMATES  AS  TO 
AGGRESSOR'S  most  l!xu<  nCSTIle  STRATEGIES.  DURING 
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AD-636  406 

♦JORDAN*  NEHEMIAH 

*  *  * 

MOTIVATIONAL  PROBLEMS  IN  HUMAN- 
COMPUTER  OPERATIONS. 

AD-639  563 

♦JUSTICE*  KEITH  E. 

*  *  * 

ELECTRONIC  SIMULATION  OF  THE 
DYNAMICS  OF  EVOLVING  BIOLOGICAL 
SYSTEMS. 

AD-635  391 

♦KALABA*  ROBERT 

*  >•  $ 

ON  COMMUNICATION  PROCESSES 
INVOLVING  LEARNII  G  AND  RANDOM 
DURATION* 

AD-604  514 


♦KAUTZ*  WILLIAM  H. 

*  *  * 

PROPERTIES  OF  CELLULAR  ARRAYS  FOR 
LOGIC  AND  STORAGE. 

AD-668  Q85 

♦KERNAN*  JOSEPH  E,  *  JR 
♦  *  * 

COMPUTER-AIDED  ANALYSIS  OF  A 
SILICON  MONOLITHIC  INTEGRATED 
CURRENT  SWITCH  GATE, 

AD-631  657 

♦KINDRED*  J. 

*  *  * 

COMPUTER  AUGMENTED  LEARNING* 

AD-645  121 

♦KING*  WILLIAM  F.*  Ill 
#  *  * 

STATE-LOGIC  RELATIONS  IN  AN 
ITERATIVE  STRUCTURE  FOR  AUTONOMOUS 
SEQUENTIAL  MACHINE. 

AD-619  806 

♦KLOCK*  H.  F. 

*  *  * 

LOGIC  OF  CONTROLLED  THRESHOLD 
DEVICES. 

AD-613  060 


♦KOCHEN*  MANFRED 

*  *  ♦ 

SOME  PROBLEMS  IN  INFORMATION 
SCIENCE  WITH  EMPHASIS  ON  ADAPTATION 
TO  USE  THROUGH  MAN-MACHINE 
INTERACTION. 

AD-600  047 

♦KOPSTEIN*  FELIX  F, 

*  *  * 

COMPUTER-ADMINISTERCD  INSTRUCTION 
VERSUS  TRADITIONALLY  ADMINISTERED 

instruction:  economics* 

AD-656  613 
♦KORYAKOV f  V.  G. 

♦  *  ♦ 

ON  THE  USE  OF  UNIVERSAL  ELECTRONIC 
COMPUTERS  FOR  PROGRAMMED 
INSTRUCTION* 

AO-651  035 


P-7 


KRA-MAY 


•KRAIZNER.  L .  P. 

£  $  £ 

TECHNICAL  CYBERNETICS » 

AD-655  365 

•KRIEBEL.  CHARLES  H. 

*  *  * 

A  RESUME  OF  MATHEMATICAL  RESEARCH 
ON  INFORMATION  SYSTEMS. 

AO-616  113 

•KUGEL.  PETER 

*  *  * 

MODELS  OF  COMMAND  AND  CONTROL 
SYSTEMS  (WITH  APPLICATIONS  TO 
EXERCISE  AND  EVALUATION) . 

AD-615  549 

♦LANDAUER  »  WALTER  1 

*  *  * 

THE  TREE  AS  A  STRATAGEM  FOR 
AUTOMATIC  INFORMATION  HANDLING 
AO-293  868 

♦LAVALLEE.  PIERRE 

*  *  * 

SINGULAR  LINEAR  SEQUENTIAL 
machines;  SOME  FURTHER  GROUP 
PROPERTIES  AND  CANONICAL  FORM 
REALIZATIONS. 

AD-612  642 

♦LEDLEY.  ROBERT  S 

♦  *  * 

COLLECTED  PAPERS  ON  SWITCHING 
CIRCUIT  THEORY  AND  LOGICAL  AND 
SYSTEMS  DESIGN 
AD-266  580 

*LEE»  R.  J. 

*  ♦  * 

THEORY  OF  PROBABILITY  STATE 
VARIABLE  SYSTEMS.  VOLUME  III. 
MONOTYPE  SYSTEM  THEORY  AND 
CONSIDERATIONS  FROM  AUTOMATA 
THEORY. 

AO-428  C37 

♦LEVIEN.  R.E 

•  *  # 

THE  SYNTHESIS  OF  CASCADE  SWITCHING 
CIRCUITS 
AO-287  061 

•LEVY.  S, 

*  *  * 

theory  of  ajustable  switching 
networks,  i;  a.  threshold  logic. 

8.  RELIABILITY  OF  SWITCHING 


NETWORKS 
AD-282  248 

♦LEWIS.  MARY  ELEANOR 
*  *  * 

THE  EFFECT  OF  VARIOUS  MODES  OF 
REHEARSAL  ON  SHORT-TERM  RECALL. 
AD-605  387 

♦LICKLIDER.  J.  C.  R. 

*  *  * 

THE  SYSTEM  SYSTEM  AND  BRIDGES  OVER 
THE  GULF  BETWEEN  MAN-MACHINE-SYSTEM 
RESEARCH  AND  MAN-MACHINE-SYSTEM 
DEVELOPMENT. 

AD-424  284 

♦LIU.  C.  L. 

*  *  * 

SYNTHESIS  OF  SEQUENTIAL  SWITCHING 
NETWORKS. 

AD-608  881 

♦LOEV.  DAVID 

*  *  * 

THE  EVALUATION  OF  TECHNIQUES  AND 
DEVICES  AS  APPLIED  TO  PROBLEM 
SOLVING. 

AD-614  228 

♦MACGREGOR.  R.  J. 

*  *  * 

A  DIGITAL-COMPUTER  MODEL  OF  SPIKE 
ELICITATION  BY  POSTSYNAPTIC 
POTENTIALS  IN  SINGLE  NERVE  CELLS. 
AD-640  268 

♦MALONEY.  JAMES  V..  JR 
*  *  * 

EXAMPLE  OF  A  LARGE-MODEL  SIMULATION 
OF  "HE  BLOOD  BIOCHEMICAL  SYSTEM. 
AD-bl9  704 

♦MARON.  M.  F 

*  *  * 

THE  LOGIC  OF  INTERROGATING  A 
DIGITAL  COMPUTER. 

AC-608  367 

♦MAY*  A.  W. 

*  *  * 

APPLICATION  OF  LINEAR  GRAPHS  TO 
ELECTRICAL  NETWORKS.  SWITCHING 
NETWORKS  AND  COMMUNICATION  NETS. 
AD-60.1  197 

♦MAYEDA.  WATARU 

*  *  * 

ELEMENTARY  COMPLETE  TREE 
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MAY-MIN 


TRANSFORMATION* 

AD-625  201 

♦MAYER*  SYLVIA  R. 

*  *  * 

DESIGN  AND  USE  OF  INFORMATION 
SYSTEMS  FOR  AUTOMATED  0N-THE-J03 
TRAINING.  I.  CONCEPTUAL  AND 
EXPERIMENTAL  APPROACHES* 

AD-602  041 

*  *  * 

DESIGN  AND  USE  OF  INFORMATION 
SYSTEMS  FOR  AUTOMATED  ON-THE~JOB 
TRAINING.  II •  DESIGN  OF  SELF- 
INSTRUCTIONAL  FEATURES* 

AD-602  042 

*  *  * 

DESIGN  AND  USE  OF  INFORMATION 
SYSTEMS  FOR  AUTOMATED  ON-THE-JOB 
TRAINING.  VOLUME  IV.  GRAPHICAL 
SYMBOLOGY  AND  LOGIC  DIAGRAMS  FOR 
USE  AS  TRAINING  AIDS* 

AD-616  551 

♦MAYZNER*  MARK  S. 

*  *  * 

FACTORS  AFFECTING  INFORMATION 
STORAGE  AND  RETRIEVAL  IN  MAN. 

AD-466  382 

•MCCANDLISH*  S.  G, 

*  *  * 

INVESTIGATIONS  IN  COMPUTER-AIDED 
INSTRUCTION  AND  COMPUTER-AIDED 
CONTROLS. 

AD-655  374 

♦MCCLELLAND*  WILLIAM  A. 

*  *  * 

TRAINING  RESEARCH  UTILIZING  MAN- 

COMPUTER  interactions:  promise  ano 

REALITY, 

AD-654  61S 

♦MCCOY*  CALDWELL*  JR 

♦  *  * 

POWER  SPECTRUM  ESTIMATES  OF  SAMPLED 
PSEUDO-RANDOM  SEQUENCES. 

AO-664  649 

♦MELCHING*  WILLIAM  H. 

*  *  * 

A  CONCEPT  OF  THE  ROLE  OF  MAN  IN 
AUTOMATED  SYSTEMS, 

AD-671  128 

♦MELTON*  ARTHUR  W. 

*  *  * 

HUMAN  PERFORMANCE  IN  INFORMATION 


PROCESSING  AND  STORAGE. 

AD-656  709 

♦MENGER*  K.  S. 

*  *  * 

SYNTHESIS  OF  SEQUENTIAL  SWITCHING 
NETWORKS. 

AD-608  881 

♦MERRILL*  ROY  DEWITT*  JR 
*  *  * 

SYMMETRIC  TERNARY  SWITCHING 
FUNCTIONS:  THEIR  DETECTION  AND 
realization  WITH  THRESHOLD  LOGIC* 
AD-616  325 

♦MEYER*  G.  R. 

♦  *  * 

IMPLEMENTATION  OF  COMPUTER  SOFTWARE 
TECHNIQUES  TO  HUMAN  FACTORS  TASK 
DATA  HANDLING  PROBLEMS. 

AD-663  209 

♦MEYER*  JOHN  K. 

*  *  $ 

EFFECTIVENESS  OF  PROGRAMMED 
INSTRUCTIONAL  MATERIALS  DESIGNED  TO 
INTEGRATE  LOWER-LEVEL  SUPPORTING 
BEHAVIORS  INTO  HIGHER-LEVEL 
BEHAVIORS  IN  A  LEARNING  PROGRAM  FOR 
COMPUTER  FLOW  CHART  DESIGN. 

AD-630  981 

♦MULLER*  H.S 

*  *  * 

MAJORITY  LOGIC  BY  GEOMETRIC  METHODS 
AD-268  906 

♦MILLER*  ROBERT  B 

*  *  * 

DESIGN  AND  USE  OF  MAN-MACHINE 
SYSTEMS 
AD-283  330 

♦MILLER*  ROBERT  B. 

*  *  * 

PSYCHOLOGY  FOR  A  MAN-MACHINE 
PROBLEM-SOLVING  SYSTEM. 

AD-640  283 

♦MINNICK*  R.  C. 

•  *  * 

CELLULAR  ARRAYS  FOR  LOGIC  AND 
STORAGE. 

AD-643  178 

♦MINNICK*  ROBERT  C. 

♦  •  ♦ 

CELLULAR  LINEAR-INPUT  LOGIC, 
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MIS-PER 


AD-433  802 

*  *  * 

A  cellular  computer  organization 

FOR  MATRXX  OPERATIONS# 

AD-665  332 

•MISHKIN#  E, 

*  *  * 

ON  THE  APPROXIMATE  IDENTIFICATION 
OF  PROCESS  DYNAMICS  IN  COMPUTER 
CONTROLLED  ADAPTIVE  SYSTEMS# 

AD-614  691 

•MOORE#  GEORGE  P. 

*  *  * 

A  DEFENSE  OF  NEURAL  MODELLING# 
AD-610  580 

*  *  * 

NEURONAL  SPIKE  TRAINS  AND 
STOCHASTIC  POINT  PROCESSES. 

AD-650  346 

•MORIWAKI#  YOSHI 

*  *  * 

FURTHER  CONTRIBUTIONS  TO  THE 
REALIZATION  OF  BOOLEAN  POLYNOMiNALS 
BASED  ON  INCIDENCE  MATRICES  AND  ITS 
PROGRAMMING  ON  THE  IBM  650 
COMPUTER# 

AO-282  032 

♦MORRILL#  C.S. 

*  *  * 

PROGRAMMED  INSTRUCTION.  A  SELECTED 
BIBLIOGRAPHY. 

AD-404  086 

•MULLOCK#  PHILIP  J 

♦  ♦  ♦ 

MATHEMATICAL  CIRCUIT  ANALYSIS  ANO 
DESIGN 
AD-286  178 

•MUR OMSK I I .  A.  V. 

♦  ♦  * 

ASSIGNMENT  ANO  PROGRAM  CONTROL  OF 
BOUNDARY  CONDITIONS  DURING  SOLUTION 
OF  NONSTATIONARY  BOUNDARY  VALUE 
PROBLEMS  OF  NETWORK  SIMULATORS# 
AO-659  314 

•NEWMAN#  J. ROBERT 

♦  *  • 

A  STUDY  IN  PROBABILISTIC 
INFORMATION  PROCESSING  (PIP) 

AO -4 02  145 

•NICHOLS#  A.  vl.»  III. 

*  *  • 


MULTIPLE  SHIFT  REGISTER 
REALIZATIONS  OF  SEQUENTIAL 
MACHINES. 

AD-608  155 

♦NORTHRUP.  JUDI  L. 

♦  *  * 

DEVELOPMENT  AND  EVALUATION  OF  SELF- 
INSTRUCTIONAL  TEXTS  AND  AN 
OPERATIONAL  SPECIFICATION  FOR 
COMPUTER  DIRECTED  TRAINING  IN 
INTERMEDIATE  QUERY  LANGUAGE.  MODEL 
11.  FOR  SYSTEM  473L.  UNITED  STATES 
AIR  FORCE  HEADQUARTERS. 

AD-6<*9  051 

♦OWENS.  MARTIN  F. 

*  *  * 

MODELS  OF  COMMAND  AND  CONTROL 
SYSTEMS  (WITH  APPLICATIONS  TO 
EXERCISE  AND  EVALUATION). 

AD-615  549 

♦PASK »  GORDON 

*  *  * 

A  CYBERNETIC  MODEL  OF  HUMAN  DATA 
PROCESSING. 

AD-636  313 

♦PAUL.  ARCHIE  JOSEPH.  JR 
*  *  * 

GENERATION  OF  DIRECTED  TREES.  2- 
TREES  AND  PATHS  WITHOUT 
DUPLICATION. 

AD-610  149 

♦PEDELTY#  M.  J. 

*  ♦  * 

THEORY  OF  PROBABILITY  STATE 
VARIABLE  SYSTEMS.  VOLUME  III. 
MONOTYPE  SYSTEM  THEORY  AND 
CONSIDERATIONS  from  automata 
THEORY. 

AD-428  087 

♦PERKEL.  OONALD  H. 

♦  *  * 

A  DIGITAL-COMPUTER  MOOEL  OF  NERVE¬ 
CELL  FUNCTIONING. 

AD-602  073 

*  *  * 

A  DEFENSE  OF  NEURAL  MODELLING. 
AD-610  580 

*  *  * 

NEURONAL  SPIKE  TRAINS  AND 
STOCHASTIC  POINT  PROCESSES. 

AD-650  3 -.6 

♦PERLIN.  I.E 
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PER-RIG 


*  *  * 

AUTOMATED  SOLUTION  OF  COMBINED 
INTERFERENCE  MATRICES 
AD-299  248 

♦PERRY,  JAMES  W. 

*  *  * 

MATHEMATICAL  FORMULATION  OF  BASIC 
PROCEDURES  IN  DOCUMENTATION* 

AD-429  098 

♦PETRICK*  S.R 

*  *  * 

MINIMAL  SYNTHESIS  OF  THE  WY£-FQRM 
TWO-OUTPUT  SWITCHING  NETWORK 
AD-255  842 

♦  PEW.  RICHARD  W. 

*  *  * 

HUMAN  INFORMATION-PROCESSING 
CONCEPTS  FOR  SYSTEM  ENGINEERS. 
AD-656  533 

*  *  * 

RECENT  PSYCHOLOGICAL  RESEARCH 
RELEVANT  TO  THE  HUMAN  FACTORS 
ENGINEERING  OF  MAN-MACHINE  SYSTEMS. 
AD-656  653 

♦PILSUCKC.  S.H. 

*  *  * 

PROGRAMMED  INSTRUCTION.  A  SELECTED 
BIBLIOGRAPHY. 

AD-404  086 

•POTTER.  K.  W. 

*  *  * 

DEVELOPMENT  AND  APPLICATION  OF 
COMPUTER  SOFTWARE  TECHNIQUES  To 
HUMAN  FACTORS  TASK  DATA  HANDLING 
PROBLEMS. 

'0-647  993 

♦POWELL.  F.  D. 

*  *  * 

NONLINEAR  PREPROCESSING  OF  INPUTS 
TO  LINEAR  NEURAL  NETS* 

AD-b45  499 

♦POWELL*  W.S 

*  ♦  * 

MAGNETIC  PARAMETRON  lOGIC  ELEMENTS 
AC-282  818 

•QUINCY.  E.  A. 

*  *  * 

channel  simulation-digital  vs. 

ANALOG. 

AO-ooR  283 


♦REARDON.  SUE  E. 

♦  *  ♦ 

COMPUTERIZED  HUMAN  FACTORS  TASK 
DATA  HANDLING  TECHNIQUES.  USER'S 
AND  CONTROLLER'S  OPERATING  GUIDES. 
AD-671  531 

♦REED.  LAWRENCE  £ 

*  *  * 

A  METHODOLOGICAL  APPROACH  TO  THE 
ANALYSIS  AND  AUTOMATIC  HANDLING  OF 
TASK  INFORMATION  FOR  SYSTEMS  IN  THE 
CONCEPTUAL  PHASE. 

AD-419  018 

♦REED.  LAWRENCE  E. 

♦  *  # 

DEVELOPMENT  AND  APPLICATION  OF 
COMPUTER  SOFTWARE  TECHNIQUES  TO 
HUMAN  FACTORS  TASK  DATA  HANDLING 
PROBLEMS. 

AD-647  993 

*  *  * 

ADVANCES  IN  THE  USE  OF  COMPUTERS 
FOR  HANDLING  HUMAN  FACTORS  TASK 
DATA  . 

AD-656  701 

♦REINECKE.  ROBERT  D. 

*  *  * 

A  COMPUTER-BASED  SYSTEM  INTEGRATING 
INSTRUCTION  AND  INFORMATION 
RETRIEVAL:  A  DESCRIPTION  OF  SOME 

METHODOLOGICAL  CONSIDERATIONS. 
AD-672  187 

♦REYNOLDS*  LAURA  A. 

•  «  » 

PROGRAMMED  INSTRUCTION  and  teaching 
machines  in  the  field  or  medical 

EDUCATION:  AN  ANNOTATED 

BIBLIOGRAPHY. 

A0-O47  407 

♦RIGNEY.  JOSEPH  W. 

*  *  * 

POTENTIAL  USES  Or  COMPUTERS  AS 
TEACHING  MACHINES. 

AD-483  074 

*  *  * 

TRAINING  CORRECTIVE  MAINTENANCE 
PERFORMANCE  ON  ELECTRONIC  EQUIPMENT 

with  ca:  terminals:  i.  a 
feasibility  study. 
ad-646  651 

*  *  * 

COMPUTER-AIDED  technical  training 
using  electronic  equipment  on-line 

WITH  TMD  CAI  SYSTfM. 


p-n 


RIL-SCH 


AO-672  189 
♦RILEY#  J.  A. 

*  *  * 

A  MATHEMATICAL  MODEL  FOR  INPUT- 
OUTPUT  DEVICES  AND  THEIR 
CONNECTIONS# 

AD-430  819 

♦RING#  E.  M. 

*  *  * 

A  QUANTUM  OPTICAL  PHENOMENON! 
IMPLICATIONS  FOR  LOGIC. 

AO-661  089 

♦RINGEL#  S. 

*  *  * 

HUMAN  FACTORS  RESEARCH  IN  COMMAND 
INFORMATION  PROCESSING  SYSTEMS, 
AO-634  313 

♦RIN6EL#  SEYMOUR 

*  *  * 

COMMAND  INFORMATION  PROCESSING 
SYSTEMS!  A  HUMAN  FACTORS  RESEARCH 

PROGRAM. 

AD-637  814 

♦ROSENBERG#  R.  C. 

*  *  * 

investigations  IN  COMPUTER-AIDED 
INSTRUCTION  AND  COMPUTER-AIDED 
CONTROLS. 

AD-C55  374 

♦ROSENBERG#  RONALD  C. 

*  *  * 

StSIGN  AND  USE  OF  INFORMATION 
SYSTEMS  FOR  AUTOMATED  ON-THE-JoB 
TRAINING.  VOLUME  IV.  GRAPHICAL 
SYMBOLOGY  AND  LOGIC  DIAGRAMS  FOR 
USE  AS  TRAINING  AIDS# 

AD-616  551 

•ROSS#  D.T 

•  *  * 

INVESTIGATIONS  IN  COMPUTER-AIDED 
OESIGN  FOR  NUMERICALLY  CONTROLLED 
PRODUCTION 
AO-282  679 

•ROSS#  DAN  C. 

•  •  * 

REPRESENTATION  AND  ANALYSIS  OF 
SIGNALS:  PART  XVII I :  VECTOR  AND 
TENSOR  ALGEBRA  Or  SIGNALS  APPLIED 
TO  SATELLITE  NAVIGATION. 

AO— 603  775 


•ROTH#  C.H 

*  *  * 

OPERATOR  METHODS  FOR  PIECEWISE- 
LINEAR  NETWORK  ANALYSIS 
AD-273  849 

♦ROWAN#  C. 

*  *  * 

REMOTE  COMPUTER  USA6E :  IMPLICATIONS 
FOR  EDUCATION. 

AD-610  698 

♦ROZMARICH#  THOMAS  ALOIS 

*  *  * 

SYNTHESIS  OF  THREE-LEVEL.  LOGIC 
CIRCUITS  WITH  APPLICATION  TO  A 
RADIX  THREE  COMPUTER  ARITHMETIC 
UNIT. 

AD-617  298 

♦RUBINOFF#  MORRIS 

*  *  * 

THE  EVALUATION  of  TECHNIQUES  AND 
DEVICES  AS  APPLIED  TO  PROBLEM 
SOLVING. 

AD-614  228 

♦RuOJORD#  T. 

*  *  * 

RHYTHMIC  ACTIVITY  IN  A  SIMULATED 
NEURONAL  NETWORK. 

AD-646  115 

♦RYANS#  DAVID  G. 

*  *  * 

AN  INFORMATION-SYSTEM  APPROACH  TO 
THEORY  OF  INSTRUCTION  WITH  SPECIAL 
REFERENCE  TO  THE  TEACHER# 

AD-414  776 

•SCHAEFFER#  K.H 

*  *  * 

THE  STRUCTURING  AND  ANALYSIS  OF 
COMPLEX  SYSTEM  PROBLEMS 
AD-260  063 

♦SCHGEFFLER#  JAMES  C 

*  *  * 

THE  SYNTHESIS  OF  MINIMUM 
SENSITIVITY  NETWORKS 
AD-296  990 

•SCHREIBER#  ALVIN  L 

•  •  * 

MEASURING  The  RELEVANCE  of  AN  item 
OF  INFORMATION  TO  THE  COMMAND  A 
COMPLEX  MAN-MACHINE  SYSTEM 
AD-257  600 
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SCH-SHE 


♦SCHUM i  DAVID  A. 

*  *  * 

THE  INFLUENCE  L  ~  EXPERIENCE  AND 
INPUT  INFORMATION  UPON  POSTERIOR 
PROBABILITY  ESTIMATION  IN  A 
SIMULATED  THREAT-DIAGNOSIS  SYSTEM. 
AO-615  758 

♦SCHUM.  DAVIS  A. 

*  *  * 

AN  APPLICATION  OF  BAYES  THEOREM  AS 
A  HYPOTHESIS-SELECTION  AID  IN  A 
COMPLEX  INFORMATION-PROCESSING 
SYSTEM. 

AD-607  256 

•SCUM.  DAVID  A. 

*  *  * 

SUBJECT  CONTROL  OVER  A  BAYESIAN 
HY^oTHESISSELECTION  AID  IN  A 
COMPLEX  INFORMATIONPROCESSING 
SYSTEM. 

AD-608  108 

•SEIDEL-  ROBERT  J. 

*  *  ♦ 

PROGRAMMED  LEARNING:  PROLOGUE  TO 
INSTRUCTION- 
AO-651  052 

*  *  * 

COMPUTER-ADMIN  I SYERED  INSTRUCTION 
VERSUS  TRADITIONALLY  ADMINISTERED 
instruction;  economics- 
AD-656  613 

•SELIGf  JUDITH  A. 

*  *  * 

A  COMPUTER-BASED  SYSTEM  INTEGRATING 
INSTRUCTION  AND  INFORMATION 
RETRIEVAL:  A  DESCRIPTION  OF  SOME 

METHODOLOGICAL  CONSIDERATIONS. 
AD-672  187 

•SHAH.  B.P 

*  *  * 

TIME  RESPONSE  CHARACTERISTICS  OF 
LINEAR  NETWORKS  AND  TRANSFORMATION 
METHODS  IN  NETWORK  synthesis 
AD-257  822 

♦SHAPERO-  ALBERT 

•  •  • 

The  structur  ng  AND  ANALYSIS  of 
COMPLEX  SYSTE-  PROBLEMS 
AD-260  Obi 

•SrtERER-  H.  K. 

*  *  * 

LOGIC-  LOGICAL  DESIGN  AND  OIGITAL 


CIRCUITS* 

AP-662  076 

^SHERIDAN*  T.  B» 

*  *  * 

INVESTIGATIONS  IN  COMPUTER-AIDED 
INSTRUCTION  AND  COMPUTER-AIDED 
CONTROLS. 

AD-655  374 

•SHERIDAN-  THOMAS  B. 

*  *  * 

DESIGN  AND  USE  OF  INFORMATION 
SYSTEMS  FOR  AUTOMATED  ON-THE-JOB 
TRAINING.  I.  CONCEPTUAL  AND 
EXPERIMENTAL  APPROACHES- 
AD-602  041 

*  *  * 

DESIGN  AND  USE  OF  INFORMATION 
SYSTEMS  FOR  AUTOMATED  ON-THE-JOB 
TRAINING.  II.  DESIGN  OF  SELF- 
INSTRUCTIONAL  features- 
AD-602  042 

*  *  * 

HUMAN  USE  OF  SHORT  TERM  MEMORY  IN 
PROCESSING  INFORMATION  ON  A 
CONSOLE- 
AD-609  749 

*  *  * 

DESIGN  AND  USE  OP  INFORMATION 
SYSTEMS  FOR  AUTOMATED  ON-THE-JOB 
TRAINING.  VOLUME  III,  EXPERIMENTAL 
USE  OF  THREE  INSTRUCTIONAL 
CONCEPTS- 
AC-616  544 

*  *  * 

DESIGN  AND  US£  OF  INFORMATION 
SYSTEMS  FOR  AUTOMATED  ON-THE-JOB 
TRAINING-  VOLUME  V. 

AD-616  545 

•  •  • 

DESIGN  AND  USE  OF  INFORMATION 
SYSTEMS  FOP.  AUTOMATED  ON-THE-JOB 
TRAINING.  VOLUME  IV.  GRAPHICAL 
SYMBOLOGY  AND  LOGIC  DIAGRAMS  FOR 
USE  AS  TRAINING  AIDS- 
AD-616  551 

•SHETTEL-  HARRIS  H. 

.♦  *  • 

DEVELOPMENT  AND  EVALUATION  ^F  SELF- 
INSTRUCTIONAL  T£  a  Tb  AND  AN 
OPERATIONAL  SPECIFICATION  EOR 
COMPUTER  DIRECT' D  TRAINING  IN 
INTERMEDIATE  GUE'&Y  LANGUAGE-  MODEL 
11-  FOR  SYSTEM  4TJt*  UNITED  STATES 
AIR  FORCE  HEADQUARTERS. 

AD-649  051 
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SHO-STO 


•SHOCNBEPGER  #  L. 

*  *  * 

A  HUMAN  ENGINEERING  EVALUATION  OF 
SOME  SELFILLUMINATED  IN-LINE 
DIGITAL  DISPLAYS# 
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